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This report was prepared b7 the Human Performance Laboratory of the
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Missouri. This project was conducted for the Personnel and Training Require-
ments Branch Training Research Division, Air Force Human Resources Laboratory,
Wright Patterson Air Force Base, Ohio. Charles 0. Hopkins was the study
manager. Cyrus D. Crites was the p-incipal investigator. The research was
conducted under Contract F33615-68-C-1476 during the period 15 May 0?68
through 15 July 1969. This report was submitted by the author on
20 Septeber 1969.

The research was conducted in support of Project 1710, "Human Factors
in the Design of Training Systems," and Task 171006, "Personnel, .raining and
Manning Factors in the Conception and Design of Aerospace Systems." Dr. Gordon
Eckstrand (HRT) was the Project Scientist and Mr. Aelvin T. Snyder (HRTh) was
the Task Sciantist, Mr. J. Peter Kincaid (HRTR) served as the contract tech-
nical monitor.

This project deals with three techniques developed for Personnel Subsytem
Test and Evaluation. This document defines the video tape recording technique,
the other two are described in AFHRL-TR-,69-16 'Miniature Event Recording as
a Technique for Personnel Subsystem Test and Evaluation," and AFURL-TR-69-17
"Press Camera with Polaroid Back Technique for Personnel Subsystem Test and
Evaluation."

The author wishes to thank govermuit and contractor personnel of the
F-4E Category I, II, and III tests for their partir4pation in this research.
Signt.ficant contributions in the form of written proceiures for assembly,
check-out, operation, and maintenance of the video tape recording systea vere
made by John Gunnarson.

This technical report has been reeved and is approved.

Gordon A. Eckstrand, PhD
Chief, Training Research Division
Air Force Human Resources Laboratory
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ABSTRACT

A study was performed to develop new Personnel Subsystem Test and Evalua-
tion (PSTE) techniques for use during Categories I, II, and III Testing af
ground operator and maintenance type functions. This report is concerned with
the development, modification, and refinement of a video tape recording system

as a PSTE technique. Equig'pnt and operational procedures developed fo,. the
technique were eval-Rted u,.jer various conditions including Category II Testing
at an Air Force Base. Results showed the utility of the video tape recording
technique for design and procedures Aevelopment and training functions as well
as for PSTE. Specific recc.muendations are given for efficient uae of this

technique from system concept through operational use.
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SUMMARY AND CONCLUSIONS

Protlem: The .u!an component of complex Air Force weapon systema con-
stitutes a vital p._. )t the system. If such things as personnel manning, or
human engitieering of the system are done haphazardly, the efficlEacy of the
system will be degraded, cost of carrying out the system's mission will go up,
and personnel op2rating and maintaining the system might even be placed in
danger. To guard against mistakes like this occurring and to insure that Air
Force systems are well designed from the human standpoint, systems under
development are subjected to a process known as Personnel Subsystem Test and
Evaluation (PSTE). The purpose of PSTE is to check the various Personnel
Subsystem elements (e.g., Human Engineering, Qualitative and Quantitative
Personnel Requirements Inforuantion, Training Equipment) for their adequacy
during various stages of system development (Category I, II, and III testing).
In principle, the PSTE process should insure that systems are well designed
from the human factors standpoint. In practice, PSTE has not always been
effective. One reason for this is that PSTE has usually been concentrated
late in the system development process (e.g., Category II Testing). By this
time system design is frozen to the extent that changes are enormously costly
and time-consuaing. Changes are generally instituted oaly when a 3afety
problem exists, or when modification in a training procedure seems practical.
Another reason for this is that the measurement tools used for conducting
PSTE have t7pically been restricted to interviews, checklists and question-
naires. Tne'o. methods do not yield very good data zbout humans perforuing
in a systems context. The research problem, then, was to develop a number of
?STE techniques that objectively w-pasure human performance in a systems
environment. Further, ;t had to be demonstrated that these techniques as used
in a field system testing exercise could impact system design. To do this,
the techniques had to be applied in situations 1,efore design is completely
fixed and they had to produce convincing enoug'i data to persuade design
engineerb, cateogry test officials and System Program Office (SPG) personnel
to institute design and/or procedural changes.

Approach: Three techniques were chosen for development and field testing.
Besides video tape recording, these included a press camera with a Polaroid
back (covered in AFHRL-TR-69-17) and a miniature event recorder (AFHRL-TR-b9-
16). The system selected as test vehicles (various models of the F-4 air-
craft) were undergoing Category II Twsting at Edwards AFB, California and
Nellis AnF, Nevada. Subsystems dealt with during the study included the
AN/APQ Radar, thc "'*rtin Baker Mark H7 rocket ejection seat and the Rockeye
MK20 bomb. Tasks evaluated using the video tape equipment included such
things as weapons hanging, maintenance of the Martin Baker seat, a trial
installation of a development stage missile, and technical order validation.
Because the F-4 is an aircraft that has undergone a number of model changes,
it was considered as a good system on which to probe the lizitations and uses
of video tape recording as a pSTE tool. Thus, design and procedure change
recommendations could be incorporated into later models. The ,ideo tape
recording equipment was specially modified at the contractor's facility for
portability end ase of operation required for efficient data gathering in the
system test situation (which is charact.rized by a requirement for quick
reaction). The principal investigator spe*t a total of four months a. Edwards
All (during this time traveling to Nellis AFE). The purpose was to record
test situations that had implications foz human factors design, and to convince
the various people rasponsible for systes tooting and design me.g., major air
commands, SPO, testing and contractor personnel) of the value of the technique.
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Extensive field evaluation of the technique was accomplished because this was
the only way to demonstrate that the technique was valuable for carrying out
its intended purpose, and to probe the limits of its usefulness. A detailed
procedurL describing the particular configuration of the video tape equipment
used in vhe research effort and procedures for its field use are contained in
the appendix.

Resul's: Video tape reiording proved to be a valuable PSTE tool over a
rather diverse range of uses that were covered in the study. To give an
example, an AGM65A launcher with dummy missiles attached was mounted on the
wing of an F-4f aircraft and the activity was recorded on video tape. There
was difficulty in this operation and none of the personnel concerned with th.
test could determine the nature of the problem. However, careful study of
the video tape recording revealed a number of problems with the procedures,
and some minor equipment design problems. These problems could be deteýimined
on the spcc and remedies taken immediately so that valuable testing O;me wan
not wasted. Further, a record of the procedure was available for t-se by
engineers, technical writers, and training personnel. This particular task
was also filmed but the video tape recording proved to be superior in at least
two respects. The video tape provided immediate playback capability and a
fuller range of events of concern to PSTE personnel then did the film. There
are a number of other examples of the value of this video tape recording in
impacting system design in the full report. The stu.dy indicated that the
video tape recording technique has the fcllowing characteristics: (1) It can
ob'jectively measure human performance. (2) It can provide data that is use-
ful to a system test effort. (3) It pýoduces very little interference with
the ongoing test effort. (4) It can be used to provide useful data with
regard to a wide number of subsystema and systems operated over a wide
range of ccnditions. (5) It provides a rapid playback capability. (6) It
can generate data that is useful in modifying equipment design to result in
more efficient, safe and less expensive maintenance and operation. It can
result in improved procedures. (7) The video tape recording can be used as a
training aid. (8) A video tape recording of Air Force personnel operating
equipment under field cor itions provides ver; convincing evidence in the case
when equipment design or procedures need modification. (9) The video tape
equipment can be relatively inexpensive (as low as several thousand dollars,
including all costs connected with its use over a period of several years).
It can be portable and is easy for untrained personnel to learn to use. One
area that needs further investigation is how to extract certain types of
information from the recording for distribution to the correct. responsible
organizations. The general problem of retrieving and reducing data from video
recordings needs to be further investigated.

Conclusions: The use of video tape recording as a method of assessing
performance in the context of system testing has been demonstrated to have
real potential. Yhere are a number of inexpensive, easy-to-use video tape
recording systems which should be made available to PSTE personnel at the test
sites And at contractor facilitiei. A particular effort should be made to
institute the i.uman factors testing program as early in the system development
process as is possible. This is the most cost-effective way systems can be
well designed from a human factors viewpoint.

This sumarv was prepAred by J. Peter Kincaid, Personnel and Training
Requirements Branch. Training Research Division. Air Force Human Resources
Laboratory.
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SECTION I

INTRODUCTION

PROBLME

The Air Force Personnel Subsystem Test and Evaluation (PSTE) program
have been hampered by two problem: (1) P1FTE equipment has not always bmee
adequate, and (2) PSTE has sometimes been thought of as an isolated element
that is tacked onto the end of system development.

In part, the first problem is a carry-over from the time vhen human en-
gineering was directed primarily toward air crew/cockpit evaluation. Emphasis
was placed on problem such as oxygen consumption, toxic gases, vertigo, and
night vision. Most of the equipamet required was specialized for measuring a
specific substance or physical value.

With the advent of the total system concept, many of the techniques and
equipment used for air crew/cockpit evaluationd were retained and redirected
toward maintenance. However, these methods do not provide the broad approach
required for evaluating human performance in the system.

The inadequacies of currently used PSTE techniques are aggravated in most
Category test situations by the conditions of understaffed PSTE team and the
great quantity of system personnel, equipment, and procedures to be evaluated.

Concerning the second problem, in a well conceived and executed Personnel
Subsystem (PS) program, PSTE is not treated as an isolated element. Rather,
PSTE is tied into human engineering and life support, training and training
equipment, qualitative and quantitative personnel requirement information,
and personnel-equipment data. Even when the system is considered as being
operational, the knowledge gained in these efforts is applied to Engineering
Change Proposals (ECP's', later models, and advanced design projects.

PSTE planning should concentrace on those systems, subsystem, and coar-
ponent3 most likely to cause problem when user personnel operate and maintain
them. This basic problem-solution orientation requires quick and accurate
identification of critical tasks.

pLrnPOSg

The purpose of this study was to identify, develop and assess new devices,
instruments, and techniques for making PSTE a more effective process.

APPROACH

Thn approach to the solution of the P'STE probltns consisted of the
folloving steps:

a. 5electlon of ti--o t1- sysh • be used for validation of new PSTE
techniques.
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b. Study of selected subsystems to identify major points and conditions
where PSTE of ground operator and maintenance type functions should
be accomplished.

c. Evaluation of techniques and equipment that would have the potential
for improving PSTE, and selection of three that seemed to be most
promising.

d. Development of selected techniques and equipment with modifications
and additions to make them fieldvorthy.

e. Development of test guides for implementation of the techniques to
specific subsystems under category test environment. These test
guides specified the test criteria, step-by-step instructions, and
treatment of data.

f. Application of the techniques to the category testing of two sub-
systems.

g. Assessment of the value of the techniques to PSTE, PS elements, the
test effort, and the potential of the techniques in evaluating early
design and development.

h. Identification of the unique capabilities of the techniques in con-
trast to standard PSTE practices.

i. Definition of further advancement in the techniques in terms of
modification and application.

During the early phases of the study, two kinds of activity were carried
out simultaneously and in parallel. One was the sequence of events concerned
with selection and development of new PSTE techniques, and the other was con-
cerned with the study of two current aircraft system upon which to apply the
techniques under category test conditions. The detailed steps in the approach
are shown in Figure 1.

OVERVIEW

The results of most PSIT prograwe have indicated that the total require-
ments for PSTE, as defined in AFSC7 80-3, AkF 30-8, and AfR 80-14, exceed the
capabilities of the normal staffing of the PSTE team. At the same time, how-
ever, there is general agreement asong test personnel that an expansion of
PSTE is warranted.

In the past the pilot/cockpit evaluation has received most of the PSTE
ttams' attention and effort. An important reason for this emphasis was the
corcentration of human factors parsomnel on the aircraft operator functions.
Another reason was that Air Force Systm Commnd (AFSC) pilots and engineers
have been highly trained in investigating aircrev/cockpit and flight problems.
Therefore, the reporting system in this area has been adequate. This should
not be construed as being over-evaluation.
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However, it is apparent that maintenance, technical publications, AGE,
maintenance training, and naintenance training equipment have not received
adequate evaluation. Maintenance is a difficult area to evaluate. Perlaps
this is one reason that it has been avoided. Serious and obvious maintenance
problems get reported, but there are numerous others that are unreported and
poorly identified.

This study was designed to improve the ability of the PSTE team to isolate,
identify, report, and solve maintenance problem .

At this time PSTE is a reactive process, only working in those areas where
problems have been reported. This approach presumes that the maintenance and
air crew personnel are thoroughly familiar with what constitutes a PSTE problem.
To a limited extent this approach has been successful, and the results have
been significant. However, this approach to PSTE does not provide for the
methodical wringing out of the system in the manner of engineering and other
test disuplines. Results often verify a problem, but seldom identify one
through analysis. Procedures, equipment, and manning are accepted at face
value with only token attempts to assess them from the viewpoint of Udxizm
effectiveness. It is true that PSTE has hao growing pains, and it has been
better to achieve success on a limi:ed basis than to try to evaluate the
whole personnel subsystem and fail.

Field experience indicates that there is an approach that would provide
for more effective utilization of PSTE manpower and a more methodical and
complete evaluation of the PS elements. This is the development of new
techniques and their associated equipment. The selection, development, and
application of these techniques would be based upon their improving the
efficiency and approach of the PST! team. To this end a series of criteria
were developed to select the candidate techniques.

The three techniques choses were: a video tape recorder (VTR) system,
a 4" x 5" Crown Graphic camera with a Polaroid back, and a miniature eight
channel event recorder.

The video tape recording system is composed of three basic units: a
television camera, a magnetic recorder that is capable of reproducing picture
and sound, and a monitor that displays the television image. This system is
similar to those used by the television netwcrks for pre-recurding programs
for later playback. Some of the major advantages of this sys3LO are:

* Full hour of uninterrupted recording capability of picture and sound

* Qiick playback of recording to assess results, making it possible to
retake poor shots and evaluate critical tasks

* No processing in required

R Relatively easy to operate and to assess results

* Reclaimable tape that can be used many times



The equipment used in this study wes in the inventory of the McDonnell
Douglas Human Performance Laboratory prior to the beginning of the contract.
Therefore, no special procurement of the basic equipment vas required. All
of these item were commrcially available, off-the-shelf equipment. This
equipment was modified to make it fieldworthy and capable of fast reaction.
The modifications are described in Appendix I1.

Certain principles of operation and technique identified during the
equipment development will be of value to human factors personnel that have
liited or no experiencc in field operations. Most of the modifications were
based upon conditions known to exist at Air Force Bases such as the access-
ability of power outlets, the adequacy of ambient light, and the requirements
for mobility.

These modifications were tested at the hangars and shops of the McDonmell
Douglas Facility in St. Louis, Kissouri. Further modifications were made vhen
unsatisfactory or marginal results were obtained.

Test guides were developed for the implementation of the techniques.
These teait guides define the objectives, -riteria, and procedures necessary
for operation and verification of the techniques at the ttit site.

Several trips were made to the Air Force Bases that had F-4 test projects
in progress. The study was discussed in depth with the various test mange-
ment personnel. A high level of interest was shown by the test directors.
All of them indicated that their test teams would cooperate in implementing
the study.

The test site selected for the implementation of the study was the F-41
Category 11 test at Edwards Air Force Base, California.

The equipment was shipped to the teat site in ai-•-Movember 1968 and was
used there for a period of four months. A trip was made to Nellie Air Force
Base during the field study to evaluate ordnance handling.

During the verification period, the techniques were used for the PSTZ of
two subsystem: the AN/APQ 120 radar, and the Martin Baker Mark H7 ejection
seat. In addition, the technique was applied to various other system and
subsystems.

The results of applying these techniques to the subsystem are described
in Section IV. The assesssment of the technique is discussed in Section V.
In addition, the application of the VTR technique to earlier design and
development phases is covered. The potential of the VT1 technique is dependent
to an extent o-n the further developoents of the equipment and suggested features
are described.
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SECTION II

METHODS

This section describes the selection of techatques and equipment, the
development of the selected equipment and fleldworthy devices, and the plans
for applying the techniquen to the subsystems in an actual test program. The
methods were based in part upon iixperience gained while implementing PSTE on
four weapon systems: the F-4C, F-4D, RF-4C, and f-4E aircraft.

SELECTION OF TECHNIQUES

The great variety of available off-the-shelf equipment and known tech-
niques made it necessary to develop selection criteria in order to choose
equipment which offered the most potential.

The following criteria were used:

Will Objectively Measure Human Performance

Assessment of human periormance is essential to PSTE lust ais equipment
performance measurements are essential to engineering, ro be realistic,
FSTE during category testing does not lend itself to as fully objective
measurements as does a laboratory situation. It is usually impractical
to attach measuring instruments directly to the maintenance personnel.
However, the techniques should provide firsthand data in terms of time,
distance, anthropometry, and ta-k difficulty.

Will Provide D~a- That is Useful to a System Teq: Effort

Data collected For 'STE purpuses usaily is of importance to other test
sections, and t'ie valid interpretation of tasks may call for multi-
dicipll-ary interpretation. The test director, officer3, engireers, and
maintenance personnel nctz and use FSTE data. The form of data is im-
portant too, fhr it may facilitate the understanding and reporting of
the problems.

Can Be Used During Test Activities

The technique should be &daotable to h , flight line, hot line, and
shop environment.

Will Produce Minim-u.o lnt erfrcnce with Test Activities

Aside f.:om slowizj do-n the maintenance effort, interference can lead to
invalid inforAatio-n. The techniques should not require special scheduling
of raintenance tasks wihich interrupt the normal work. Extensive instru-
montatic of man or equipment cannot be made because of safety, job
efficiency, a-i -interference factors.



Have a Potentiai of Being Freauently Use4 and Anolicable to Man'
SubpyjtelM

Many pieces of equipment have usaful applications but are limited to
very specialized hardware and human perforumance areas. For example, the
precise measurement of illuminatin is very useful but has very limited
application to all PS elements or to zany subsystem, especially in re-
gard to maintenance functions. Techniques having a broad application in
category tooting may also be valuable in the earlier design and devalop-
ment phase.

Will Be Based on the Techniaue as Reina a PSTE T.oo1 in Contrast to a
Research and Development Tool

It is too late in the system development cycle for hardware development
to take place at a category test site. The identification of toxic
conpounds, hazardous noia-., and electrical shock hazarrs should have been
detected earlier in the PS effort. Therefore, PSTM, to be woe t effective,
should concentrate on assessing the people working with the equipment and
not on developing an alternative design. That is, it should be geared
tovard the assessment of human performance in a systems context.

Cin Be Used By Test Personnel Without e-tensive Trainialt

The composition or capabilities of future ?STE team carnot be determined.
Therefore, the techniques should not call for a very high skill level, or
a large amount of prior knowledge.

Will Generate Data That is Usable by SPO's,. Contractor@. and the Air
Force Comands

Cosmunication between the test site and all interfacing military and
contractor groups is a severe problem. The data emanating from the
technique should aid in the understanding of the problem and not require
interpretation by experts. Any method that would speed and enhance under-
standing would receive special attention.

Wilk Be Adaptable to a Feat Reaction Situation

A culae~ory test Is geared to a schedule, and maintenance .aska are per-
for-ned 4is soon as practicable. In additior, moot maintenance "a based
o;i failures, and one cannot anticipate in advance whet is goinZ ý3 fail.
Therefore, PSTE equipment that raquires extensive hook-up time, c-.libra-
tikn, and preparation would not be desirable.

Will Provide Results That Have .&ere#,nl Significance

if the techniqueo can identify the relationship of the task to lunch
tine, turn-around time. operational reidy status, and ordnance uploading
and downloading they should be given special consideration.



All of the preceding criteria were established to provide a better means

for achieving the formal PSTE requirement as defined in AFR 30-8: "Determine

the adequacy of the personnel subsystem and accelerate actions when changes

in personnel training and/or manning for the system in its operational en-

viroment are required. Verify that the personnel subsystem is adequately

supported by equipment design, tools, technical data, job environment, train-

ing equipment, personnel selection, manning, and organizational control
procedures."

The candidate techniques were assessed as to their capabilities in rcaard

to applying them to PS elements, requirements known from field experience, and

the selection criteria. Out of a conaiderable field, three techniques were

chosen for submittal to the technical monitor for approval.

a. A video tape recording system composed of a television camera with

lenses, a video tape recorder, and a television monitor. Supportirg
the basic equipment were various ancillary items such au a tripod,

lights, cart, and electrical cables required to operate the system.

b. A miniature 8 channel event recorder with battery pack, and an 8

chanael switch box.

c. A 4" x 5" Crown Graphic camera with a Polaroid film back.

These three techniques were accepted by the technical monitor for

development and field validation.

The system equipment is described in general term in Section III and the

complete operating instructions are presented in Appendix I. The technical

data of the off-the-shelf equipment is listed in Appendix III.

SELECTION OF TEST SITE

The value of the selected PSTE techniques was to be determined through

their use in an ongoing category test.

The Engineering Psychology Department at McDonnell Douglas has the respon-

sibility of implementing the personnel subsystem program on the F-4 aircraft.

Although the F-4C, RF-4C, and F-4D weapon systems had been develloped with PS

program., all of these wer,: operational at the time of the study proposal.

However, the F-4F aircraft was in Category I, 1I, & III testing. In addition,

several major equipment modifications and additions to the F-4f were being

considered or in the process of being developed.

Týhe testing of the F-4E was being carried on at three different bAses.

Th- Category I test was being conducted at the MLonntel1 Douglas FAC!,[iy at

Edwards Air Force Uase 1AFS). C4lifornia. The CAtc~tury II te.t was "1,n-tg

conducted by a joint AFS-L and TactiLal Air Cc-ad (TAC) test team A* ýýdvrda

AIS. The Category III conructed primacriy ý'v TAt va- at '-2ls A!,, "

and at, Eglin AFS. 71ordsa. "evorall trips t-, each o2i tlh-ý ha!3; khe1 AI



for PSTE purposes. Once the study was underway, additional trips were made to
di-cuss the objectives, scope, and requirements of the study. The management
of each of the three tests was interested in the techniques, and understood
the difficulties in evaluating maintenance. They were especially helpful in
defining the tests that would be applicable to this study.

Selection of the test test site for the study was based on a review of the
potential benefits as well as the possible problems. At the time that the
catego.yl test site was being selected, the following assessments were made:

a. Edwards Air Force Base, F-4E Aircraft Category Il Test.

This F-4E system and performance test was in its second year of testing.
A formal PSTE program was being implemented by a team composed of AFSC offi-
cers, Air Training Command Noncommissioned Officers (ATC NCO'S), and contractor
personnel. The management of the test team and all test sections were familiar
with PSTE so no indoctrination would be required. The test program was not
under outside pressure so that tests were not under stress. Because the tests
involved nerformance verification, primarily, the acceptance of new techniques
in PSTE would not create too much concern.

In addition, the F-4E Category I test was being conducted at the McDonnell
Douglas Facility at Edwards AFB and might provide some basis for evaluation of
activity at an earlier stage of equipment development.

On the negative side, the volume of maintenance was very low because
there were only two F-4E aircraft in system test, and one of these did not
have a radar subsystem. The maintenance was being performed by AFSC, TAC,
contractor, and vendor personnel. These men would not be representative of
an operational unit because their skill level was higher. However, this is
a situation common to most Category tests. The training, training equipment,
and Qualitative and Quantitative Personnel Requirements Informition (QQPRI)
Personnel Subsystem (PS) elements could not receive attention because F-4E
training was not being conducted at this base. Also, the logistic supply
situation was not typical at Edwards AFB.

b. Eglin Air Force Base, F-4E Aircraft Category III Test.

The Category III testing on the F-4E was drawing to a close as this study
began. However, operational testing was scheduled to continue during the
study period in a series of 'follow on' tests without the title of Category
III testing. The 33rd Tactical Fighter Wing of F-4E's was based at Eglin AFB
and training was still being conducted. Because of the large volume of main-
tenance, maintenance personnel, and the use of operational ýrocedures, this
site offered the most realistic operational environment outside Southeast
Asia.

The 33rd Tactical Fighter Wing was preparing for deploywent and because
of the urgency of this preparation certain maintenance functions were being
accelerated. in addition, the injection of untried techniques into a stress-
ful situation could have created some resentment. Since PSTE was not being
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implemnted on this program there vas no established base f rom which to work.

and no peevisions for reporting results.

c. Nellis Air Force Base. F-I.E Aircraft Category III Test.

This test site was also being used as an F-I.E Category III test site.
The Category III test winagemmet and some personnel were spending time at both
Sellis and Eglin Air Force Bass. There vas a greater volume of maintenance
activity at Nellie than at the Category 11 test at Edwarda AM3, i~ut less than
that at Eglin Air Force ase". The Nellie opaisation did not have a PST! effort.
The 1-42E training and training equipeent v-re not on site.

d. Recommended Test Site.

Oui the basis of the on-site evaluation of these category tests the follow-
ing recomendations were made to the technical monitor of the study.

(1) Thle current Category 11 test on the F-I.E at Edwards All will continue*
for several more months and will afford a sound basis for equipment
evaluation under testing conditions.

(2) The F-I.E Category 11 test personnel at Edward.j A-B concur that this
study would be useful to their effort a~d will cooperate in imple-
menting the study.

(3) The McDonnell Douglas Corporation (MDC), Edwards All Facility,
offers additional potential with its F-i.E Catz-.ory I effort, and
F-4C*'D/J/K/M and 11-4CDB testing. NDC personnei could use results
directly to aid in design changes.

(4) The Directorate of Materiel, Edwards API is interested in this atudy,
and will cooperate in its implementation. The Director-t- cl~n pro-
vide for evaluation of aircraft aud subsystems over, a wide range of
wait..enanco. In ad~iitier, this Directcrate is at the highent
management level and interfaces directly with the Base Commander.

(5) Nellis All, W~e~vea is i.oar enough (260 miles) to allow periodic
evaluation under Category I'll conditions, since 3everal F-I.E teste
would be implamiented during the study period. Formal Category III
testing for the F-I.E has been completed at Eglin AYR, Fl3rida.

(6) Under the present development of the equipment it is felt that there
are some technical probleme that could create interference with the
rapid pace of the Eglin ATl operation. Thes* technical, problem
will be solved as part of the study, but it is preferable to avoid
the possibility that these deficiencies mighc degra$- operational
maintenance.

In summry. Edwards AFl can provide an excellenz expos 're of the stui~y
techniques to the many teoting aisciplines. end con provide for rapid
sassimilation of th@4- use into tooting program.
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Edvards All was approved as the evaluation site by the contract technical
son itor.

SELECTIOYN 0f SUISYSTUS

A crucial factor in the selection of subsystem to be nsed as emvalation
vehicles would be the applicability of study results generally to a wide range
of aerospace syste, including aircraft.* spacecraft, mlIssle., sad commned
and control system. Therefore, the subsystin to be studied had to have
general characteristics that elicit: eye-band coordination, learning, pre-
cision of movement, perception, end other elements of human behavior. Specif-
ically. the suabsystem had to meet mt of the criteria listed In Table .

In addition, the subsystem would preferably be in Category 11 or III
testing during the validation period.

Ruandreds of engineering change proposals were beiag developed, approved.
and b~lemented on the F-4 series of aircraft. Swever. son of these cheape
would not reach the testing stags prior to Decemer 1968. Others did not
warrant consideration because of their characteristics, simplicity, or the
taprobabilfty that they would require maintenance.

TAILE I SIJISYSTEM SELECTiON CIItTERIIIA

1. It SUPFICIEN'rLY COMPLEX TO WARRANT EVALUATION (STRUCTURE,
FLECTRONIUC. HYDRAULIC. PNEUMATKI6)

X. REQUIRE DIAGNOSIS Of MALFUNCTION AND REPAIR 51 ONS SOMSE
STRUCTURAL FAILURE 00 THE OBVIUS MALFUNCTIONS

3. EEQUINE A"I FOR SAUNTIeNiCE.
4.. NAVE A RELATIVELY HIGH RATE OfFPAILURE AMO/OR FPE0UMT

ADJUSTMENTS. AHO/OR SEeViICMG FOR OXYGEN, NYDRAULIC FLUID.
AMMUNITION 04 FURL.

S. REQUIRE O0TH FIELD A10) ORGANIZATIONOAL MAINTENANCE.
6. BE COMPATIGLE WITH SECUIITY REGULATIONS S0 THAT RESULTS

CAN 61E PU&Lt$NED OPENL..

Two major subsystem that were being developed that met most of the cri-
teria in Table I were: the AN/AKq 120 radar, ndthe Martin Sakar Mark 17
ejection seat. The AU/ANr 120 radar is a classified aubsystemi but It wes
anticipated that the classified porti.ona of the radar could be avoided in
reporting the study resuilts.

a. AN/AP(Q 120 Radar.

This su~bsystem represented one of the moet modern fire control syste
In the Air Force inventory. It was scheduled to be in Categ~ry 11 test at
EKvards at least until April 1%9. The complexity of the equipment and
associated tasks, the importance of the subsystem to mission *ccomplishmeet,
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and extensive AGE support provided a sound base for a comprehensive evaluation
of the new PSTE techniques and equipment. It was anticipated that enough
Information could be acquired on this subsystem through the use of the technique
to form a basis for a thorough evaluation of human engineering, training, and
skill level requirements.

b. Martin Baker Mark H7 Rocket Ejection Seat.

This subsystem is replacing the Mark 5 seat which works by gun action
alone. The new seat is propelled by gun and rocket power to provide for zero
ground, zero altitude ejection capability. The new seat was not scheduled to
receive a formal Cat I, II, or IIl evaluation. However, it was betng retro-
fitted into the Category I, I, and III aircraft. The earlier human engineer-
Ing evaluation of this seat had identified some maintenance tasks that required
evaluation. The maintenance of the seat involved servicing of pyrotechnic de-
vices sad a great deal of mechanical mechanisms. Therefore, the selection of
this subsystem complemented the electronic characteristics of the AN/APQ 120
Radar.

A listing of the airborne AVE and ground equipment AGE for the two sub-
systems is given in Tables II through IV. In addition to the equipment list,
basic information regarding their design, development, and maintenance pro-
cedures was available. Table V is a partial listing of these system develop-
ment products.

IDENTIFICATION OF POINTS AND CONDITIONS FOR PSTE

The study of the two selected subsystemb culminated in the identification
of zajor points and conditions where PSTE should occur. The determination of
these points was guided, first of all, by the requiremenz that PSTE should
provide for the PS elements. Secondly, PSTE should provide for an asse-sment
of basic human performance; learning, motor skills, perception, group behavior,
precision of movement, and task performance.

During the design and development, both the AN/APQ 120 radar and the
Martin Baker Mark H7 ejection seat subsystems received evaluation from the
MDonnell Douglas F-4 PS Group. This review of design and monitoring of
development resulted in inputs to AVE, AGE. technical publications, and
training. Later in development the PS personnel were involved in Category I.
II, and III testing of these subsystems. Frow the data base acquired by this
experience, certain points were identified that required further investigation
and evaluation.

Some of the most important considerations for identifying PSTE points
are: use by the operator ('n regard to maintenance this category pertains to
AGE); failure diagnosis (bwit in test. maintenance inspection); trouble
shooting at the organizational level; removal of malfunctioning line replace-
3ble unit (LlU); field level repair; installation; and quality control and
functiosal checks.

12



TABLE II AN/APQ 120 FIRE CONTROL SYSTEM AIRBORNE EQUIPMENT

53-870050-21 Antenna
-25 CW Transmitter
-45 Stabilization Aasembly
-47 Cable Assebly
-49 Pump Tube Pover Supply
-43 Support Structure
-33 Servo Asembly
-35 Microavve Aasembly
-37 IT Electronics
-39 Staein Pulse
-41 CW Electronic
-23 Computer
-27 Pover Supply
-29 Pulse Transmitter
-31 Synchroniter

53-870050-3 Radar Sat Control
-5 Radar Test Set Control
-7 Antenna Control
-9 Indicator Control Unit
-11 Pilot Indicator
-13 PSO Indicator
-15 Mount, Pilot Indicator
-17 Dehydracor

13



TABLE III AN/APO 13 AGE (OGCANIZATIONAL-PIELD)

ORAIUAIONAL AGE

Part t

531340008-i' Missile Control System Test Set
-7 Accessories Kit
-13 MCSTS Truck
-17 Dehydrator Compressir
-19 Control Monitor

AI/APIA-843 Radar Modulation Test Set
TS-2059/AMM-18 If Power Test Set
CUi-&8S/A Voltage Retglator
W-416A/U Hydraulic Pumpin& Unit
486"91-110 Missile Interface Test Set
MZ-6D/U Electronic Mltlmetser
AN/?SM-6 ?ult Luster
AN/USM-l05A Oscilloscope
8033/Al Differential Voltmeter
530340018-1 Extender Bar Slide Rail
53L340013-1 Radar Test Set
531340014-1 Computer Test Set
5310015-1 Zapplemntal Kit
539150185-1 LCOSS Test Set A14/AS*-238

FlVA

53r34009-1' Missile Control System Test Bench Set**
-3 Conso.' fl
-5 Cousoia 12
-1- Console 03
-17 Console f4
-19 Console 95
-21 Console f6

5 Comprise. A Composite Test Facility, Unique end Cosn AGE
'e Some of the orgsnizational AIE is used with bench.
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TABLE IV MARTIN BAKER MARK 47 SEAT AND AGE

rt ocritio

53-620000-1 Rocket Seat Assembly (Pilot'e Seat)
53-820000-3 Rocket Seat Asoembly (PSO's Seat)

Part no DeagniQp.nl as

O-Orgmdat Lonal
Futield

323110077-1 Insertion Device - Strap Fittings OF
32X110012-1 Insert - Safety, Firing Mechanism O0
321110013-1 A.apter Assembly - Ejection Seat •

Cradle
323110014-1 Alignment Lit - Rocket Nozzle of
321.110026-1 Guard - Rocket, Seat lucket F
MDE 32365 Canopy and Seat Ejection Mechaninm of

Tester Asembly
HIW 1925 RU Torque Wrench o0
NREU 1730 Crow's-Foot Wrench V
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TABLE V PSTE INTERFACES WITH SYSTEIM DEVELOPMENT PRODUCTS

Systi= Concept, Designe and Development Standards. Specifications. and Design

Syetm Analysis Criteria
Detailed Specification Military Standards
Vendor Proposals Military Specifications
Contractual Data Requirements Air Force Manuals
Specification ýontrol Drawings MDC Engineering Procedures

(SCD'S) Human Engineering Criteria
Preliminary Dravings
Final Drawings and Draving Release manning
Engineering Change Proposals (ECP's) QQPRI Conferences
Aock-up Reviews
Aerospace Ground Equipment Recess- QQPRI Doc,--ents

dation Data (AGERD') PRI Field Verification
Simulation Data Technical Orders (T.O.'s)
Delivery Schedules Validato DTmOnst

Prototype Equipment T.O. Validation Dmonstrations
Production Equipment T.O. Verification Demonstrations
Technical Coordination Meetings Preliminary Technical Orders

Systm Support Training

Maintenance Concept Training Program Conferences
Maintenance Evaluation and Report QQPRI Conferences

Documents (EAk' s) QQPRI Documents
AGE Conferences Training Plans
Reliability Data Training Texts
Facility Requirements
Integrated Logistic Support TraininL Equipment

Management Plans (ILSMO) Trainer Dravings

Training Equipment Conferences
Trainer Acceptance Conference

Acceptance Test Procedures
Acceptance Testing Field Dota
First Article Demonstration Unsatisfactory Reports
Contract Technical Compliance Accident Reports

Inspection (CTCI) Aident Reports
Flight Test Reports
Category I, II, and III TestinS
Personnel Subsystem Test 4

Evaluation (PSTE)
Special Tests
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Timing of PSTE has been found to be an important factor in its Implemen-
tation. The earlier a PSTE team is informed of tmpending mainterance, the
better could be the planning for its assessment. Maintenance has been sched-
uled on the basis of aircrev debriefings, post flight and preflight inspection,
functional checks, or periodic inspections. Except for periodic mainLesance
and inspections, maintenance is performed only when malfunctiona occur or
when special testing changes are made.

The reporting of malfunctions and suspected malfunctions is processed
through work load control and the appropriate personnel and shops are assigned
to rectify the problem.

Since only one person was performing the field evaluation sart of this
study, only one task could be treated at a time. The method of selecting the
task for this study depended on the following priorities:

a. PSTE evaluation took priority over other testing for using this

technique.

b. The task should be associated with one of the two study subsystem.

c. The work involving potentially critical taks was evaluated in pre-
ference to those that have little likelihood of being crucial.

d. An effort vas made to develop systematic evaluation as the teat pro-
greseed so that the ultimate result would be a thorough analysis.

These criteria did not preclude the use of this technique for other test
sections. When time permitted, attempts were made to participate in the
investigation of other test applications including; briefings and debriefings,
instructions, communication, documentation, and subsystem in earlier phases
of development.

In order to utilize the experience and knowledge of the test team, the
investigator coordinated his efforts with the other sections prior to apply-
ing the technique.

The organization of the F-4- test team ts shown in Figure 2. The detailed
organization of the maintenance section is shown in Figure 3.

The maintenance data collection forme and reliability data provided in-
foruation regarding frequency of failures and grose times for tasks. These
data could provide extrapolation of task impact on large operational units,

squadrons, and wings.

The location and time of occurrence of maintenance varied widely. Prin-
cipal locations were flight line, hangar, shop, hot line, and gun butt range.
The time that maintenance occurred could be anytime in any 24 hour period.
depending on the criticality of the maintenance. Nighttime, flight line,
hot line. and gun butK range presented the moat difficult environments for
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PSTE. However, the environmental effects upon the achievement of tasks has
been a significant PSTE consideration.

The transportation of the video tape recordicg equipment from one hangar
or shop to another could involve Air Force trucks or tractors. In the past
there had not beea any difficulty in obtaining transportation.

The results were to he in the form of magnetic tape recordings. The audio
and video records on the3e tapes were to be played back through the video tape
recorder and a TV monitor.

The evaluation of the data could have been either an individual or group
effort. The decision as to what test sections were to be represeated we
dependent on the nature of the task and its problems. It was anticipated that
the preliminary evaluation of the recording would lead to a recomended
audience. The kind and aumnt of information that each section, or the entire
text team could extract from the technique is one of the questions to be
answered by this study. Prom the PSTE standpoint the following problems de-
served special attention:

Human Error, and Desall Leadinx to Human Error

Problem of this type should be fully documented. It is possible that by
backtracking from the error and replaying the tape it would be possible
to identify the conditiou(s) that created the error. These uight have
been in t'e design of the equipment, the procedure, tools, or an out-
growth of training or written or spoken orders.

Excessive Tine

The expenditure of excessive time to accompltsh what should be a simple
task is often a product of desig, and procedure problems. This type of
problem should be evaluated in terus of expected frequency of the task.
Quality engineering offers a medlum for obtaining effettive changes.

Improper Diagnosis of Malfunction

Previously, this area Ias not been effectively evaluated. The identifi-
cation as tc what caused the incorrect identification of a malfunctioning
item often requires detailed investigation. The causative factor(s) may
be training, procedure, skill, and design. Early solution to this type
of problem leads to greater system efficiency.

Ineffective Tem Vork

Analyses of task loading and time sharing, comuntication, and work space
could result in an evaluztiom of group behavior.

T.O. De iciencies

The problems associated with *owe tasks are the resultL of inadequate
training of peraomnel or an unfortunate result of transier of training.
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The Air Training Command representatives should be active io resolution

of problem of thia nature.

Adequacy of Tools

Issued tools are sometimes inadequate. Their design and material may
result in Injury to personnel, dame to equipmet, and improperly &A-
justed eqt'ipment. As the men become acre acquainted with the equipment,
they improvise special tools that frequently Improve the maintenamee.
The documutation and dissemination of more effective tools should be
expedited.

Other factors that could contribute to task ineffectiveness are fear.
conflictiug orders, individual inadequacy, aud physical and mental condition.
Fztvirovowntal factors such as poor light, dust,* heat, cold and rain coo"4
create problem not prosent under zore favorable conditions.

PWVARATION FM ?fPIR(INC PSTX

In order to effectively use and evaluate any now technique or device for
PST1 it. is necessary for the person responsible for using the technique to o*
familiar with the type of task being perforaed. This does noat necassarily
mean that heomot have precise kno-itedge of the task being evaluated. For
example, nearly all the loadings of ummitions follow a pattern in sequencing,
tools, ACR, and involve the &saw number of people in the load crev. If one
knew these generalities be could adequately r.Acord a procedure involving a
new missile, bomb or pod tlanging. MaIntenanc. performed on electronics,
hydraulics, airframe and other subsystem has general patterns chAt are
characteristic to each subsystem.

a. P'ersonnel.

It is desirable to have hu.man factors personnel do the work, especially
those who know the basic problem areas in weapon system maintenance. The
knowledge of these personnel permits the to 'inpoiaL areas where the critical
tsaks are likely to occur nnd pre~ict when a close-up view will identify a
priolem. They also know what questions to ask the maintenance personnel. and
how to isolate problems. Ulnfortunately, human factors personnel with main-
tenance experience are rviativdlly rare.

It has been our experienct that other personnel caux be traiaed 'an 6ite'
to become effective FM-! tea me"berv. These peole are usually given a
orientat'on involving the PS aflfcrt 'm the weapon system, equipment descrip-
tion, and basic PMT reepons~bl1ities and techoiques. In the early phases of
testing they are u~tilized to run down detaild and to ob~ervre specific task~s
with specific instructions as to what to look for. Later, they observe and
evaluate the maintenasce activitiem wiith limited ('irection. The reports made
by these personnel are reviewed by huma factors personnel prior to suhaittal
to the test force for incluslon, nI the Category test report.
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b. Technical Order Review.

One of the most helpful steps is % review of the task to be evaluated
from its description it the Technical Order. It may or may not be necessary
to require help in the interpretation of the procedures. If help is required,
there are several test sections that art normally available: maintenance
personnel that are responsible for the taik; engineerirg personnel (Air Force,
contractor, or vendor); and training and pi-duct support personnel. The use
of the Technical Orders s a guide to recordint also aide in the deLerutnation
of adherence to or departure free procedures, identification of T.O. error,
*ad the improvement of these procedure*.

c. Critical Task Data.

Throughout the developmet of a weapon system, the PS group has the re-
sponsibility of identifying critical tasks. Early evaluation of these tasks
may indicate little or no problem. However, with a change of environment,
personnel, frequency of use, or unexpected changes in mnanning, subsystem re-
sponsibility, or design, atatakes in performing critical tasks can have serious
consequences. With the knowledge of these suspect areas, one can select the
techriques vith which to test for criticality.

d. PSTZ Problem Reports.

The test force personnel are briefed as to what type of problem are to
be reported to the PSTE teas and investigated by the PSTI teas. Frequently,
the original report from the maintenance personnel is sketchy and misleading.
The responsibility of the PSTl teas is not only to document the source of the
problem, but to recoinrd possible solutions to it.

a. Observation.

Frequently, It in advantageous to observe the task being performed before
attempti',g recording. The specific arcs requiring data can be deteruined and
the effort can be wade more efficient.

f. Liaison With Teat Sections.

It is not unusual to hear references to possible improvements by engineers,
quality control, and maintainability personnel. Sooe of their thoughts re-
garding improvemac: may be veiled or embryonic. VT! does offer a good basis
for cwpariag various approacez, to problem solution o: procedure improvement.
During the course of this study two PSTE invetigationa were wade upon informa-
tion containmd ic; s casual ramarkx by ttat personnel.

S•CA temples of the application of the video tape tecuiique to the sub-
systems may serve to illustrate the possible producte that might hAve bee
derivei from the M techanque.

(1) A tosaa.re of time to remove the radar. Now much time is being con-
sunmd in reading T.O.'e, dioconmecting vire bundles, ramoving wave
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guides. etc. The tape could have pinpointed a faulty procidure or
tool slowing down a task &Sewit.

(2) A graphic presentation of the requirmenta for precision of --wo---t*
visual or manual accesse, weight handling requlirenmts, and other
factors..

(3) An indication a)! the adequacy of tba T.O. in eambling the am to
locate the proper hardware and rerform the task.

(4) A record of humn error. and possibly an Idea as to what led to cbm

(5) The adequacy of the tools through mse of the soon los. Did the
tool engage the fastener properly? Did the tool run into structural
interference upon insertion or rotation? Did the tool burr or de-
face the fasteners or equipsment? Vas the proper tool available or
ws a mskaesiit tool iela usimd?1

(6, Analysis of work space sawelope by masking the recording through a
one-foot string g"i.

(7) Definition of restraivt. Imqosed on a maintenance tesm in respect
to commnmication, visual accaes, anviroumat (noise. Illumination).



SECTIOM III

EQU1PH

CKNEUAL

The VTR equipment that was modified for this study had been used in tzhe
McDonnell Douglas Ihman Performance Laboratory prior to the beginning of this
contract. This equipment had been used primarily in laboratory work involving
ejection seat development, space reconnaissance, and human engineering '.-vala-
tion of F-4 aircraft subsystes. Some of the primary advantages of using the
VTl teehnlique are:

a. ull hour of uninterrupted recording.

b. Quick playback of recording making it possible to assess results or
prerecord substandard data.

c. No processing is required.

d. Relatively easy to operate and to assess.

e. Reclaimable tape that can be used many times.

In addition, the video tape recording technique does not suffer from the
following disadvantages of a movie crera system:

a. Limited to 3-4 minutes of film before reloading.

b. Provides limited feedback as to focus, exposure, and framing.

c. Is difficult to achieve a good sound track, and requires film
processing.

However, there are certain disadvantages of VTR that should be mentioned.
Some of these disadvantages were reduced or negated in the development of the
equipment for this study.

a. The mali helical scan video tape recorders have a limited reso'ution
of 400 lines. Therefore, they are infer!or to moving pictures in re-
solving fine detail. Wide angle and distant scenes give the impres-
sion of being slightly out of focus.

b. Rendering of shading is limited to seven densitle.. In addition, the
vidicon tube adjusts itself to overall light intensity. Whten a bright
object is in a dark area the vidicon vill sense the overall light
falling upon it and vill desensitize causing the darker areas to go
nearly black, creating lack of detail in the shadow areas.
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c. The weight of the equipment available in the MDC Human Performance
Laboratory is more than 250 pounds. It could not be picked up and

rapidly moved about. A number of different brands of portable VTR

equipment are commercially available, however.

d. The power and signal cables were numerous and created awkward working

conditions.

e. Overhead camera positioning is limited because the vidicon tube face

is subject to damage from filament debris falling on the vidicon
face.

f. The camera had no built-in monitor to provide the operator video
feedback for camera control.

The video tape recording equipment available at the start of the study
is listed below:

Video Tape Recorder, Ampex Model VR 7000

Camera, General Precision Laboratory, 7C0

Zoom Lens, Canon 25-100mm, f 1.8, Model TV-16

Zoom Lens, Angenieux, 15-150mm, F 2.8

Pizar Lens, Kern-Paillard 25mm, f 1.5

Monitor, Miratel Model LV8M, 5" x 7" Screen

Tripod, Sampson, Model 7301

Tripod Dolly, Sampson, Model 7601

Lights and Accessories

Conrac 25" Monitor, Model CVA 23

In addition to the above equipment, the Bell and Howell Company loaned a

Model 2920 Portable Tape Recorder for the field verification of the technique.

The technical specifications of this equipment are listed in Appendix III

and the approximate costs for the items are listed in Appendix IV.

Development of this off-the-shelf equipment into a system capable of

performing under field conditions involved the following:

a. Integration of the elements in an easily used system through modifi-

cation of additions.
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b. Modifications to improve the transportability of the equipment and to
provide for rapid assembly and disassembly.

c. Provisions for the security of the equipment and for its protection
against damage.

E^"IP1T ELENDrTS

a. Oriert-ation.

The video tape rzcording system is composed of two primary units, the
camera station and the video tape recorder cart station. (See Figure 4).
In the interest of clarity, the equipment will be described separately f3r
each station and the sequence of description will be based primarily upon the
path of the video and audio signals from the lens of the camera and microphones
to the TV image on the monitor and the sound from the speaker or headset.

Ittem will be described in terms of their off-the-shelf characteristics
and the need for modification. Secondly, modifications to the items will be
described with the rationale for changes or additions. Dravings and construc-
tion details will be found in Appendix 11. The field assessment of the equip-
ment and the modifications will be presented in Section V.

b. Lenses.

A wide variety of fixed focal length lenses were available for this study.
However, preliminary work with the system indicated that zoom type lenses had
some basic advantages. A zoom lens allows the operator to vary the focal
lengtt%. This feature allows the operator to frame the object and to select
the image size without having to change the camera position. Frequently, the
long focal length position (telephoto) allows the operator to see on the moni-
tor screen detail that he cannot see with the naked eye. By using a short
focal length position (wlce angle) to start the scene, the evaluator can be
orientated as to the location of a particular unit with respect to the aircraft
or primary piece cf equipment. During the task recording an occasional return
to wide angle aids in reorientating the evaluator. The focus of zoom lenses
is accomplished by zooming in on the area to be recorded and adjusting the
focus ring until the image is sharp on the monitor screen. On subsequent zoosm-
ing out (reducing focal length) the lens will maintain focus through the range
of focal lerths.

Fixed focal length lenses can be used on the video cameras. The cameras
can be equipped with a turret containing several fixed focal length lenses.
However, the selection and adjustment of the lenses under a continuing scene
results in interruptions and momentary poor picture quality while focusing and
framing. The cost of the zoom lenses is given in Appendix IV.
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The follovl:ig lenses were selected and used during the field phase of

this study.

(1) Angenieux Zoom Lens.

This lens has a 15 to 150 mm focal length range, and a
speed of f/2.8. It is equipped with a l6in C-mount thread and
can be used on most TV and 16m movie cameras. The adjustments
for focus, zoom (focal length), and iris are all made manually.
The focus &ad iris adjustments are made by rotation of the
appropriate rings. The zoom adjustment is made by using a
crank that engages a Sear on the zoom ring. This lens will
focus as close as 5' from the object. The cone of acceptance
varies from 45'32' at 15m to 4"48' at 150. Figure 5 depicts
the range of coverage at 10' from the ramera position.

No modifications were made to this lens for the field work.

(2) Canon Zoom Lens.

The Canon Zoom Lens has a 25 to 100m focal length range
and a speed of f/1.8. It also has a C-mount. All adjustments
are made by means of rings. This lens will focus as close as
8' from the object. The cone of acceptance ranges from approxi-
mately 28"30' at 25mm o 7"07' at 100m.

The Canon Lens, althoutgh much faster (bette- under poor
light conditions), is much more limited in varying the field
of viev.

No modifications were made to this lens.

c. Video Camera.

The video camera used in this study was a General Precision Laboratory,
Precision 700 Television Camera. The technical specifications are listed in
Appendix III.

General information that is pertinent to this study is as follows:

Weight 12 lbs.

Size 6.56" high, 4.5" wide, 13.5" long

Controls Off-On, beam, target, and focus

.Vunting Rotto-m tapped 1/4" x 20 thread

Power Requirements 100-130 volts AC, 50-6-0 H Isingle phase.
40 watts (max) I
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Scanning Standards 525 lineslframe, random interlace

30 frases/second, 60 fields/second

4.en- " ,int Standard 16sin "C" mount

This camera it entirely solid state except for the vidicon tube and indi-
cator lamp. No ext--.;al or remote controls are necessary for adjustment or
operation.

During the pr-iminary phase of this study it was determined that this
camera was adequ:: Its advantages included light weight, good resolution,
and completely -.-I -ontained.

There was a pr I'lm in not having a feedback on the proper adjustment of
the bean and target controls. Ideally, the video signal should be I volt going
into the video tape recorder. Any more or less will detract from the amount
of information being recorded. The beam and target controls determine the
signal strength •ur there was no way of knowing precisely where to position
them. We were inf&.-ýd that a relatively simple electronic circuit and meter
would provide a rep' ,ng for the video signal value. The schematic and parts
list are shown in A7 endix II. Basically, a sampling of the video signal is
rectified to direct c.rrent and the circuit is adjusted so as to give a read-
ing of 1 volt when tl.• aignal is one volt.

This small meter and its electronics were installed on the back of the
camera below the controls (See figure 6). The method of setting the controls
is described in Apper[ix I.

The second pLoblem associated with the camera was the method of mounting
it to the tripo.'. 'he single 1/4" x 20 bolt provisions does not assure a
tight mount, and "ith the 12 lb. camera and 3 lb. lens there was a chance of
breaking the bolt.

A "V" bed camera r-kunt was designed to be attached to the tripod head,
and an inverted "V" plat- was built to be installed permanently on the bottom
of the camera with screws See Figure 7). The camera and camera plate are
aligned with the tripod came- mount and pushed until there is a complete
engagement. A locking dog on 11• camera mount is rotated to tighten the
mount against the camera plate. This modification permits fast and positive
camera installation. No further modifications were made to the camera.

d. Cabling and Connectors.

Larly attempts to wire up the system made it obvious that the number of
cables, and their storage and placement requirements would necessitatc a major
change. The camera station alone •;%d eight separate signal or power cables
running to and from it. In addition, the length of the cables varied widely,
resulting in shortages and excess. Figure 3-4 in Appendix I indicates two
cabling diagrams required for recording in the field.
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Sketches and mockups were made ro estAblish a configuration that would
permit the camera station to be moved up to sixty feet in any direction from
the video tape recorder cart. Although there art aix siguid cables between
the two, five are enclosed in a single vinyl sleeve and attached at a common
point (distribution box) on the tripod (see Figure 8).

The camera station is supplied vir:h power by means of a 114 extension
cord sixty feet long. The system power distribution box with a one foot cable
and locking plug attaches to the distal end of the power cable. This box is
provided with a cleat that engages one of the mounting blocks on the tripod
(see Figure 9). With these wiring modifications and combinations the number
of separaze cables tas reduced to two making stowage and maneuvering such
easier.

Originally all of the coaxial connectors were of the threaded screw type
that required numerous turns to engage the cables with their connectors.
Several times malfunctions were traced to loose connectors. All of the cables
were changed to BPIC type connectors that require a bA..net-lock coupling that
provided a quick and positive locking. The camera, monitor, and other equip-
ment that had the screw-on type connectors were provided with adapters to
receive the BNC cable connectors.

e. Tripod and Dolly.

.he weight of the camera and the nee4 for keeping the camera on the task
necessitated the use of a trijod. In addition, the tripod itself required
mobility, and this was provided by means of a dolly. The tripod was a Sampson,
Model 7301 which had a vertical range of 32" to 72" and weighed 10 pounds.
The tripod was equipped with a Saapson, Model 7201 pan/tilt head which allowed
360* rotation and adjustments 45* up, 90* dovn.

The camera mount is attached to :he pan/tilt herd by means of two Ph4'1 ips-
head screws. Two pins aid in maintai'iing the alignment and rigidity of •
mounting. Modifications to the head tnvolved the drilling and tapping of holes
for the mount screws and the drilling of holes for the mount alignment pins.
The 1/4" x 20 mount screw was not rem)veo and is available for the conventional
mounting of photographic camera or teraev.sion cameras.

Additions to the tripod inclAde _vo mounting blocks for the video/audio
junction box and the system power junction boi and a remote c~tcol unit. The
mounting blocks are hinged blocks that: are clamped on thr trtvd legs by means

,)f Allen head cap screws (see Figure 9).

f. Video/Audio Jun:tion !lx.

The Video/Audi., junction box vag destignd to prcvidc for sever•l functions.
It provides a ccmaon point of atttchueit !or the vidrAo, iudio, and remote con-
trvl l!nro iuterconner:ting with the video tape recorder and it also provides
the redistribution of signal lines tc th. camera, vonitor, rcuote control unit,
micro'phon.es, and headset. The junction box alu. allowv the operator to selezt
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audio input from one of the three microphones (only one can be recorded at a
time), and gives the operator the capability of selecting live video (direct
from camera to monitor), or VTR video/audio (image af:er going through VTR
electronics). The video/audio junction box is mounted on the tripod by means
of a wedge. See Figure 10 through 12.

g. System Power Junction Bon.

The camera and monitor both require 115V 60 Hz power. A wedge, similar
to that on the back of the video/audio junction box, was affixed to the back
of a four cutlet junction box (Figure 9). A two foot lengLh length of #14
ce~ble was wired to the four outlets. The distal end of this cord was provided
with a three prong, locking, male connector. This connector mates with the
power caole from the video tape recorder cart.

h, Remote Control Unit.

In order to provide for remote operation of the VTR a small switch box
was designed to fit on the pan/tilt head handle (Figure 13). The original
remote control unit had three push button switches but no signal lights. In
th2 early testing of the VTR equipment several scenes were rmssed because the
operator was unaware that the record "R" switch had not been activated. A
later version incorporated indicator lights, red for 'record' and white for
'play'. The red switch guard and red light for 'record' remind the operator
that he might erase previously recorded data.

The VTk can be operated with or without the remote control unit.

i. Monitor

The monitor is a Miratel, Model LV8M, and produces an image approximately
5" high x 7" wide. It is one of the older types using tubes instead of solid
state devices. Consequently, it is a relatively heavy unit weighing 33 lbs.

The monitor serves twu functions: (1) Gives the operator video feedback
for framing, focus, and exposure. The monitor is essential to the camera/
operator station. The controls on the monitor allow for electronic adjustment
of focus, contrast, brightness, and for horizontal and vertical adjustments.
In the modified VTR system the video signal can be displayed directly from
the camera, as with TV, or routed through the video tape recorder, to confirm
most of the recorder electronics. (2) Provides a display during playback of
the recording. Playback may be used immediately after recording to verify
that the content and quality arc what the operator wanted. Also, the playback
may be used to asscas a particular part of the task. Later, the playback may
be used for detailed analysis, usually in a more quiet environment.

Although the Yd)C Human Performance Laboratory had a 23" Conrac monitor,
its size and weight made it impractical for field operations. The 5" x 7"

image of the Hiratel was adequate for both recording and data assessment.
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Only one addition was made to the monitor. This was a sheet metal glare
shield to reduce ambient light falling on the phosphor surface of the picture
tube. This addition is essential for outdoor recording.

A monitor mounting bracket was added to the dolly. The bracket held the
monitor at an angle to provide for video feedback to the operator, and also
maintained the mobility of the camera station (Figures 14 and 15). The
bracket is mounted to the dolly by means of "U' bolts and is easily attached.
A Jury strut provides for adjusting the monitor angle up to 90".

J. Video Tape Recorders.

Two video tape recorders were used in this study, an Ampex, Model 7000,
and a Bell and Howell, Model 2920 recorder. The detailed specifications for
them are in Appendix III. Each will be discussed separately.

The Ampex Model 7000 recorder was part of the MDC Human Performance
Laboratory equipment. The modifications to this system were designed around
this record2r. Some of the basic characteristics are listed below.

Resolution 350 lines

Uninterrupted recording time 1 hour

Tape capacity 3000 feet

Tape size & material 1", 1 mil Mylar base

Tape speed 9.6 inches/second

Rewind speed (3000' of tape) 4 minutes

Fast forward (3000' of tape) 14 minutes

Audio channel one

Power requirements 105 - 125 volts, 60 Hz 310 watts
maximum

Size 29"'w x 18'uh x 15" d

Weight 80 lbs.

Operating position Horizontal only

This recorder also has an internal 6 watt amplifier for audio playback,
and a modulator output that will permit video playback over standard television
sets. Off-the-air programs may also be recorded by using the RF output of
the television receiver and running it into the "video-in" connector.
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The controls on this recorder provide for the following functions:

Audio level adjustment

Video level adjustment

Selection of audio input

Audio volume control

Tracking (playback only)

Record, play, and stop (can be remotely controlled)

Rewind, stop, forward (manual)

Ready, thread (manu4l)

Power (off, on)

Tension control

Displays in addition to the video picture on the monitor consist of audio
level meter, video level meter, and the counter.

This recorder is reiatively easy to operate. An hour or two of instruc-
tion is adequate for simple recording and playback operations. Complete hook-
up and operating instructions are presented in Appendix I.

This recorder provides for both recording and playback functions. Advan-
tages of the device are the capability of recording hour long scenes with
audio annotation, quick playback capability, and ease of operation.

Disadvantages experienced with this recorder consisted c" the following
items:

(1) The weight and size of this equipment, 80 lbs., 29"' x 18 "'h x 15"'
precluded hand carrying it from one location to another. The video
tape recorder cart was built to counteract this disadvantage.

(2) The tasks involved with running the recorder required the operator
to constantly move between the camera and the recorder to position
the RECORD, PLAY, STOP, REWIND, and FORWARD controls. This problem
was partially solved by fabrication of a remote control box to pro-
vide remote record and stop, or play and stop functions.

(3) The counter displays a number which corresponds to the number of
revolutions that the take-up reel makes. The numbers are used to
locate scenes on the tape. However, this counter does not relate
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directly to time. A chart which relates counter readings to time
was made to counteract this deficiency (See Appendix I).

(4) The speed of the "fast forvard" mode is too slow for search and
acquisition of data. Total time is fourteen minutes from start
to end.

(5) With only one audio channel one cannot preserve the original sound
track and add comentary or voice annotation. Other Ampex machines
have two voice channels.

The only modification made directly to the recorder was an Ampex modifi-
cation that allowed it to stay in the "ready" position of "stop" without wear-
ing the oxide from the tape and clogging the video head.

The Bell and Howell Model 2920 recorder is capable of both black and white
and color recording. The color capability was not used during this study.
This recorder was loaaed to the author for use on this study. It provided a
comparison of recorders and permitted the reproducticn and editing of tapes.
Some of the basic characteristics are as Zollow:

Resolution 400 lines

Uninterrupted recording time 1 hour

Tape capacity 2151) feet

Tape size & material 1". i ail wylar base

Tape speed 6.91 inches/second

Rewind speod (21-50' of tape) 9r seconds

Fast f,)rvard (2150' of tape) 90 seconds

Audio channels Two

Power requirements 110-130 voltb. 60 H 300 watts maximua

Size 23 5/8'w, 13 112 .h. 11 3/8d

-eight 65 pounds

Operating po.aition Vertical or horizontal
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The controls on this recorder provide for the following functions:

Audio level adjustment (both channels)

Vide,. level adjustment

Selection of audio input (either channel or both)

Audio volume control

Tracking control

Rewind, forward, play, stop, record (can be rewotely
controlled)

Power (off, on)

Tension control

Stop motion switch

Displays in addition to the video picture on the monitor consist of audio
level meter (either channel), video level meter, and a timer.

The offer to provide the Bell and Howell recorder for use during the
fieid phase of this study came relatively late - after the system had been
integrated with the Ampex recorder. However, most of the modifications and
system additions weould be comparable with either recorder. The connettions
and hook-up were bimilar. The only major probler was in the provision for a
remote control box.

The Bell & Howell unit had several distinct advantages:

(i) It was much smaller. It occupied only b0% of the area of the Ampex
and weighed 15 pounds less.

(2) All of the tape movement and record/play functions were )perable
with pushbuttons, and could have been remotely controlled.

-3) The tApe counter was in units of minutes and tenths of minutes.,
allowing the operator to estimate quantity resanin-. r -xpcadcd.

,4) The ninety second end-t -end wind and rewind rate was a definite
advantage i,, editing and data retcieval.

,S) The ýonr of tape was significantly lower.

I,ý) The resolution was hifher than lhe .wmpcx.

k7 Thie twx '.dio cha"::rl! allocwd for audio antozation to the original
And track.
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Disadvantages -nnsisted of the following:

(1) The recorder had no audio amplifier or speaker and the only way to
monitor the sound was with earphones. This problem was partially
solved by the procurement of a small audio amplifier and speaker
that plugged into the "audio-out" connector.

(2) This particular unit had the connectors on the bottom making it
difficult Lo hook up.

(3) A standard TV set cannot be used as a monitor because the recorder
does not have e. modulated signal output.

No modifications other than the addition of the audio amplifier and
speaker were made.

It is not within the scope of this report to explain the principles and
theory of a video tape recorder. Descriptions may be found in Reference 1, 2,
and 3. One important characteristic of video taping must be kept in mind
however: synchronization is dependent on a control track, an invisible timing
pulse that determines picture stability. Variation in tape speed and in the
frequency of the power supply seriously affect recording and playback. The
syncronization pulses are analogous to the sprocket holes in a movie film.

Although there are 525 lines on the television screen this should not be
interpreted as the resolution of the cawera or video tape recorder. The repre-
sent the upper limit of vertical resolution however.

Horizontal resolution is the number of vertical lines that can be seen
in three quarters of the width of the picture. A 330 line resilution is that
which will resolve 350 vertical lines over the width of the picture; the three
quarters limitation takes into account 'the poorer resolution near the edges.
Therefore, the true resolution of the system will not vary with the size of
the monitor. A small screen may have an annr.. hg ,. rt.solution than d

iarge screen viewed from a short distance, but the amount of Information on
both in the same.

The tape Is similar to that used In maxnetic audio recorders and is
supplied on 9 3/4 inch reela holding 3udO feet. Thi sensilvitvy of this
tape to X-rayi, , --- nctms, diat, and heac requires reasorunble care in use and
storage.

k. Video Tape Recorder Cart.

Some means of combining the entire system into a sIngle composite vehicle
would be necessary to m4ke the ',t svstem fleldvorthy. This vehicle wo)uld
also have to serve as a means of transportation and storage. Also, the fcA-
tures of such a vehicle should aid in the rapid assembly and hooking up ,f the
system. An examination of tcst fAcilities revealed that t0:e 1oorvays and
aisles would ý as narrowv as " i tha•L he 90 turns in the passageways



would restrict the length of such a vehicle. The system would also have to
have the capability of being used anywhere maintenance was being performed.
Therefore, it would require features that allowed towing by tractors or
trucks, and it would have to negotiate taxi-way and flight line obstructions
such as cables, grates, and ramps. Provisions for locking up the items that
were expensive or subject to breakage were also deemed necessary.

The basis for the vehicle was a standard wheeled office supply cart (see
Figure 16). This cart was originally acquired to move the video tape recorder
about the Human Engineering Laboratory. The four-inch independently pivoted
wheels would hardly negotiate an obstacle as big as a pencil. The size of
the cart proved to be adequate and would pass through 31" doors. A series of
modifications made to the basic cabinet (See Figure 17) are briefly described
below. Details of construction are shown in Appendix II.

The basic structure of the cart was strengthed to provide for the addi-
tional weight and the reconfigured wheel arrangement.

A tricycle wheel arrangement appeared to be the best design. A steerable
front wheel would permit short radius turning without extending the length of
the cart to an unacceptable degree. Placement of the cabinet over the larger
pneumatic wheels was undesirable because this would raise the center of gravity
too high and thereby make the cart unstable. The wheels were mounted so as to
accept the cabinet between them. The 8-inch diameter wheels had 2.80/2.50-4
pneumatic tires mounted on them. These wheels had ball bearings which greatly
reduced the friction.

In order to mount these wheels on the cart it was necessary to reinforce
each end with 1/4" aluminum plate. This same reinforcement aided in the
mounting of other cart equipment.

The two rear wheels required no modification and were merely bolted to
the rear plate. These wheels were not pivoted. The front wheel had to be
modified to provide for steering. The major modification was the making of a
front fork so that the front wheel would clear the cart structure and provide
for 3600 movement. The front wheel unit required an extension of its pivot
point so that a hinged tongue could be mounted to it to provide for steering
and towing (see Figure 18).

The tongue is provided with an "0" ring so that Air Force .ractors or
trucks equipped with a p~ntle can be used to move the cart over long distances.

Most Air Force carts have an "0" ring on the tongue and a pintle on the
back so that carts can be formed in a train. However, it was thought that
providing a pintle on the VTR ctrt might result in itg being overstressed if
it were the link between a tractor and a heavy piece of AGE.

The Oneumatic tires were a great improvemert over the hard 2 7/8 inch
diameter origiauzl wheels. This configuration should meet most of the require-
ments for field operation.
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Originally there was no plan for voltage regulation. However, after
experiencing difficulty with the line voltage fluctuation - one time as low
as 90 volts - we decided to provide a voltage adjustment. A 20 ampere variable
transformer was mounted to the heavy front plate. A voltmeter was mounted
above the transformer control knob to provide for feedback on voltage. A re-
cessed male receptacle wir-mounted on the side of the cart to receive wall
power. The circuit included a variable transformer and a power distribi tion
panel. The cart had four female connectors each supplying regulated voltage.

The assessment of potential test facilities indicated that availability
of ground power would be a serious problen. Flight line and hangar work would
require a minimum oZ 100 feet of power cord.

The camera station w4b designed to allow operation of the recorder with-
out requiring the operator to walk back to the recorder during taping. In
order to provide for camera mobility, the power lines between the camera sta-
tion and the video tape recording cart were made 60 feet long.

One of the restrictions on the length of signal and power lines was the
capacity of reels for cable stowage. Hand coiling of cabling was found to be
extremely impractical and such coils wasted a great deal of stowage space.
Several racks and reels were considered. The configuration adopted for the
cart consisted of taking commercial wire reels end modifying thkV in the
following manner: the hub was reinforced to take the weight and stress of
reeling and unreeling. Holes were cut in the large hubs to provide stowage of
the large connectors. Each was equipped with a folding handle and a locking
device. The fvur reels were mounted on solid steel axles that protruded from
the back of the cart. The cables were held on the reels by split aluminum
retaining bands of aluminum alloy (see Figure 19).

The cables that are stowed on these reels are:

(1) Two 108 feet #14 guage 3-wire power cables allowing for 216 feet
distance from power outlet or 108 feet for the VTR system and 108
feet for the lights.

(2) One 60 feet, 5-cable complex in a vinyl sleeve that provides for
video and avoid signals (input and output), and remote control that
allows the camera operator station to work 60 feet from the cart.

(3) One 60 feet 014 guage power cable that provides regulated power be-
tween the cart and the camera/operator station.

The internal arrangement of the original office supply cart was redesigned
to provide stowage and security for the system equipment. The areas providing
space for the more delicate equipment (camera, lenses, monitor, lights, and
microphones) was padded with plastic foam to absorb shock during transportation.
The camera cell was equipped with additional shock mounts to assure protection
for the delicate vidicon tube. The video tape stowags provisions followed
the recommended vertical position. Figure 20 depicts all of the cart equip-
ment and cables in place.
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With the exception of the tripod, dolly, and TV monitor mourting bracket,

the entire VTR system is stowed on or in the VTR cart. Although a display of
all the equipment seems startling (Figure 21), it should be remembered that
the system is usually assembled as shown in Figure 22. It takes less than 5
minutes to connect all cables, including wall power, and to prepare for record-

ing. The four long cables are normally stowed on the reels and the equipment
on the right panel is stowed in the drawer.

A complete inventory of parts, assembly and operating instructione and

diagrams is in Apperdix I. Cont-.ruction details are in Appendix II.

1. Lights and Light Stands.

The need for adequate illumination was dtnonstrated in the early record-
ing attempts. Although recordings can be made in relatively low light (6 to

12 footcandles) the images produced on the monitor are flat with a decided

lack of contrast and overall clarity. Also, when the camera beam and target
controls are set to compensate for the low light levels, the brighter portions
of the image will persist. Then when the camera is zoomed or panned the

bright areas will smear or appear as multiple images. Under these high gain
conditions electrical interference becomes more prevalent. A number of

conm.-rcial lamps were tried in conventional sockets and pivoting sockets.

Nost of these la'mps had integral reflectors. It was determined that the light
output and the uniformity and area of coverage would not be adequate for the
test site.

A variety of lighting fixtures, lamps, tripods, and accessories was

chosen from a professional lighting eqdipment manufacturer. This equipment
consisted of the following items:

2 Vari-Beam 1000 Fixtures with lamps, Model LQV-10

2 Multi-Broad, Variable Focus with lamps, Model LQBM-10F

2 Light Stands on Coasters, Model SSBLHA

4 Diffusion Holders

2 4 Leaf Barn Doors

2 Pole Kings & Accessories

2 Gaffer Grips

2 ' Carrying Cases

Since most human factors personnel are not familiar with this type of

lighting equipment, the items will Le described.

The Varn-Beam 1000's with quartz iodine lamps are high intensity lighting

units (1000 watts) that are capable of variable coverage from spot to flood
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lighting. The Multi-Broads also have the variable spot/flood capability and
use 1000 watt lamps. The external characteristics of these light units are
shown in VIgures 23 through 26. The Vari-Beams are generally used on specific
areas and i.o highlight points of interest. The Multi-Broads are usev! to fill
in the shadows. The performance curves of the Vari-Beam and Multi-Broads are
shown in Figure 27. Both of these lighting units will accept barn doors (vari-
able panels that are tised to shield the light), diffusion and filter holders.
The tripods used with these lights extend to 114". See Figure 28.

The lighting fixtures can be mounted in a variety of ways. The primary
meant of mounting is the trniod (see Figure 28). Pipe and pole mountings are
also frequently used. The Pole Kings are metal pipes that can be fitted
together to build up a pole that can be inserted between the ceiling and
floor. These poles afford a strong support for lights and are used in areas
where tripods would not fit. See Figure 29. Two poles vith a cross bar can
be used for overhead illumination.
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Figure 23. Val.Seem M06. Front View, lbowleg Lamp *mm Tripod AdI,.&ameats

Figwit. 24, Yori-Siton WO0, Roof Viow, Sh*wing Spot"PIl. 4 Adjwst~mof~l end P*o S-ikEh
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Figure 25. Multi-Broad Light, Front View, Showing Lamp and Provisions iot Diffusion
Screens end/or Fliitor

1iwre 36. M6uiiiI•eed Light Roe, View, .keinig Smtoc c-4 a opo,/Fieot.d Adj.-,-e., t Km, o
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SECTION IV

1AESUT:rS

This section prements the results of using the video tape recording (VTR)
technique on the AN/APQ 120 radar, the Martin Baker Mark H7 ejection seat,

and several other subsystems, systems, and equiputent in various stages of

development includi-ng: trial installations of the ACH65A missile on the
F-4E aircraft, RY-4C 'update' mock-up demonstration, weapons loading proce-

dures, Rockeye MK20, Yod. 2 Technical Order validation, functional eye posi-
tion dezivation, and the installation of the A/A 37U-15 tow target.

The video tape recording equipment was shipped to Edwards AFB, Category

II site. The use of the VTR system involved the recording of images, access
to classified areas, and the recording of classifitd material. All security
provisions were made and proper identification acquired. Tht total field
testing time remaining after preparatiou was sixty working days.

The Category ii test was in its second year of testing. Most of the

significant problems with the F-4E aircraft have been reported 4k the F-9E
progress reports. It was felt that simulation of problems already remed'ed,
just to make video tape recordings, would not be worthwhile. Several factors
severely restricted the evaluation of the subsystems. One was weather condi-
tions. California experienced one of the worst winters in history. Freqlent
rain8, heavy winds and cloud cover restricted the test flightc. This, in
tu.', minimized maintenance activity. It was not that the aircraft could not
take off, but testing usually requires good conditions for assessing the re-
sults of the test, and to assure that the various test parameters have been
met. Secondly, the radar subsystem had undergone a series of changes and was
performing much better than had been anticipated. The radar did not fail dur-

ing the field assesibaent phase of this study.

Maintenance on the Martin-Baker Ejection Seat was similarly reduced.
Removals to allow access to other subsystems was the only activity involving
the Martin-Baker Seat.

The effects of the reduction of maintenanc- on the two selected subsystems
was partially offset by a series of demonstrations and tests on other equip-
ment in earlier stages of development. The result3 of using the new PSTE
techniques on these tests are included in this section. These tests provided
unique and significant information on the use of the VTR technique during de-
signs and development.

The PSTE team that originally manned the F-4 Category II test was reduced
to five persons at about the time the field phase of this itudy staried, and
was further reduced to only one person, the contractor PSTE representative,
shortly thereafter. The balance of the team was transferred to other test
programs, primarily the C-5A and Y-l11A teste. The ATC personnel, formally
part of the F-4E test, returned periodically to work with the VTR technique.
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They also participated in some of the recording sessions. Their knowledge of
the subsystems, facilities, and maintenance schedule was an asset to this
study.

The results of using the VTR technique with the two selected study sub-
systems wil! be reported first. These will be followed by the results obtained
in other test areas.

AN/APQ 120 RADAR

Several radar shop operations were investigated for the purpose of evaluat-
ing the usefulness of the VTR technique. The first area of interest was an
overall evaluation of the usefulness and efficiency of operation of the VTR
in a shop environment. We also wanted to determine the capability of the VTR
technique in the identification of critical tasks while the radar bench equip-
ment was being tested, and the capability of the VTR to render complex control
and display indications in an typical maintenance 3ituation. The radar shop
environment and operations permitted an evaluation of some alternative methods
of performing test voltage chr*ks. Finally the VTR was used to evaluate a
task involving the removal and replacement of a heavy piece of equipvmnt. This
evaluation included photographing still scenes from the VTR image displayed on
a monitor.

Prior to final selection of the test site. we determined that all sites
were equipped with the uecessary subsystem AVE and AGE. At Edwards AFB the
radar bench equipment was Anstalled in the maintenance hangar approximately
3/4 mile from the F-4E Categoiy II hangar. This hangar provides field level
support for the system tests at Edwards AFB. Most of the work done in this
area is classified and special provisions were made for video taping.

The video tape recorder cart was towed to the maintenance hangar via the
taxi ways with a standard Air Force tractor. The tractor was left at the
hangar door, and the cart was hand towed into the area occupied by the test
bench.

The radar bench consists of an airborne system and the test equipment
configured into a hollcv square with the radar package occupying an island in
the center. The video tape recorder cart was placed outside of the square
because it would interfere with the operators' access to the equipment. Only
the camera station was used within the square.

The F-4E radar bench was manned by the Tactical Air Command (TAC) and the
Air Force System Command (AFSC) maintenance personnel. This team was part of
the F-4E Category II test team and worked at Lhe F-4E hangar as well as the
radar bench site performing both organizational and field level maintenance.

Overhead fluorescent lights provided adequate illumination for the tasks
associated with the bench. However, for video taping a higher level of
illumination was required..
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As was pointed out there was no maintenance activity on the radar system
due to a lack of failures. It was decided to work on those tasks associated
with preparing the bench for maintenance on the AVE. These tasks involved a
series of built-in-tests (BIT) that are used to confirm that the test bench
equipment was performing properly before working on defective or suspect AVE
units.

The author talked with the sergeant in charge of the test bench and in-
formed him that it would be desirable to record the tasks involved in perform-
ing the BIT on the equipment used to check out the front and rear cockpit
indicators and their associated control panels. The sergeant in charge gave
his permission to go ahead. An Airman Second Class volunteered to perform
the task, and was briefed on the technique and its requirements.

In order to provide for audio annotation the person performing the task
was asked to read aloud the Technical Order and then perform the task. A
ml-rophone with a lavalier attachment was hung around his neck to leave his
hands free to perform the tasks. The video portion of the recording covered
the accomplishment cf the sk, the manipulatton of the controls and the re-
sultant reading of the dispidys. The zoom lens provided for orientation
(wide angle) and detail (telephoto) data.

The camera/operator station was located to the left of the equipment at a
distance cf 15 feet and the camera was elevated to a position that would best
cover the equipment complex. The noise generated by the hydraulic and cooling
systems of the bench tended to mask the technician's voice and a headset was
uscd by the author to monitor sound level.

It was found that the task could be closely followed with the camera. One
of the factors that influenced the promptness of getting the camera on the
control and display was degree of familiarity with the equipment. When the
T.O. specifies positioning of a controf, the camera should be positioned quick-
ly to pick up this control before the task is accomplished. A similar proce-
dure should be used with displays. Knowledge of which unit is going to respond
to the control allows one to quickly pick it up with the camera.

Since the indicator BIT check is frequently performed, it was decided to
use the video tape recording as a basis for a more detailed analysis. In
order to categorize the task elements, a miniature event recorder was used tco
time the various functions. The eight channels on th2 event recorder were used
to record the following:

a. Channel #1 T.O. Reading

b. Channel #2 Panel Control

c. Channel 13 Antenna Control

d. Channel #4 Meter Reading

e. Channel #5 Radar Indicator Display Reading
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f. Channel 16 Aid from 3upervision

g. Channel 17 Special Interest Mark

h. Channel 18 Not Used

The results of this analysis are presented in AFHRL-TR-69-16 "Miniature Event
Recording as a Techniqve for Personnel Subsystem Test and Evaluation." Per-
foi wance of this analysis in real time would not be possible because of the
speed of the action. Also, decisions must be made as to the most meaningful
categorization of functions.

On two occasions, the airman interupted the sequence to ask the super-
vising sergeant why he was not getting the display that he thought he should
be getting. Oa another occasion the correct image on the radar was not dis-
played. Upon checking with the sergeant, it was determined that he (the
technician) had failed to start the hydraulic power supply. Thia is one of
the first steps. This error led to the examination of the technical order to
establisn whether it was a T.O. omission or whether the technician overlooked
a step. The result was that the cirman had forgotten to turn on the hydraulic
power and ,vas relying on memory rather than using the technicrl order during
the initial preparations.

Thus, the capability of the video tape technique to ireserve the task
and to permit recovery of the information, quickly aids ýn esatqbliahing when
and how errors occur. Depending on the error source, .teps .z" be taken to
prevent future occureaces.

One of the unexpected benefits of video taping this particular task was
the discovery of the ability of the technique co render high quality radar
images of the radar indicator. Most ol the taik recordiags showed the opera-
tor selecting the control position and the resultant image on the radar scope.
However, by decreasing the brightness control on the monitor, the radar image
could be enhanced. The recoraings contain much more information than one
obtains with fixed monitor "contrast" and "brihrn1sq" settings. Frequently
images that contain very dark shadows can be improved by reducing the contrast,
thereby rendering details in the shadows. host of the work done with this
technique was performed under conditions far removed from those experienced
in a television studio. Yet, the resdlts contain detailed information useful
in PSTE, and by frequer.t plalback ar. eaotmuub aiount of data can be derived.
This is not to suggest that all recorded tasks be 'beat to death' by incessant
replaying. Rather, a good detailed recording can provide the basis for a wide
range of evaluations when required.

The aircrews have complained that the BIT takes too long and is too compli-
cated. At the time of this writing, the video taped recordings of the BIT
checko.tt are being used tc estetlich tlmcs 3nd task difficulty. It is too
early to determine what influence this analysis will have on tae -'dar dlT
design and aircrew procedures.
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Although not reported as a problem, the desirabilrty of having a digital
voltmeter as part of the radar bench came up in one of r-ie casual diocussions
with the radar contractor representative and the maintenance men. It was re-
ported chat the differential voltmeter provided with the bench, while being
accurete and rugged, consumed a great deal of the technicians' time in
obtainlng readings.

The test of the computer test set which required many of these voltage
readings was video taped. This test involved setting the controls on the test
set in various modes and then taking a reading on the voltmeter. This test
is performed on the bench equipment prior to checking out the AVE radar com-
puter. The checkout of the computer is assoclatpd with missile launchings, and
due to the high cost of missiles it is necessary to assure a properly working
computer.

The technical order defines the positioning of the various test set con-
trols, and specifies the-proper voltage with the acceptable range. These
voltages may be AC or DC, and may be negative or positive if DC.

The technician must select the proper meter sensitivity, AC or DC mode,
and polarity for DC voltages before inserting the signal into the meter. The
compuer test sat has an amber light that warns the operator to check his test
set and meter setting to avoid error and damage to test equipment.

The differential voltmeter can also be used as a vacuum tube voltmeter
VTVM. The technician sets the NULL switch to "VTVM' position and sets the
five vertical dials, A thru E, to "ZERO" positions. The RANGE switch is posi-
tioned to 500 and the AC-DC polarity switch to the position that coincides
with the type of voltage to 1Pe measured. The voltage is then inserted into
the voltmeter by pressing the METER switch button on the computer test set.
An approximate voltage can then be read off of the upper scale of the null
meter. If the voltage is low, the technician can then turn the range switch
to a lower valve; the meter then has a full scale deflection of 50-0-50, 5-0-5,
or .5-0-.5 depending upon the range scale setting. Once the approximate voltage
is known the following procedure is used:

After either deriving the approximate voltage as defined above, or by
using the expected voltage as called out in the T.O. procedures, the technician
dialu in the value on the five vertical dials A thru E, and positions the RANGE
switch to give the _owest range that will give an on-scale meter reading. A
decimal light will position for each range setting (between vertical dials).
This light indicates to the technician the proper place to dial in the numbers,
Ir, Figure 30 the decimal light is on between the 2 and the 3, therefore Dial
A (not in picture) is 0, and the setting of all five is A-0, B-l, C-2, deci-
mal D-3, and E-4 to indicate 12.34 volts.

If the actual voltage does not match the expected voltage, the meter will
go to the right, indicating higher than actual, or to the left indicating
lower than actual. By determining the extent and direction of the deviation,
the A-E dials are changed until the meter nulls on the range tetting, and then
the NULL switch is changed to a more sensitive setting and the procedure is
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Figure 30. Scene from Differential Voltmeter Hulling Tusk Taken From VTR Monitor
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repeated until the lower, C-E dials null the metet. The actual volrtge is t•itt
reading on the A-E dials that nulls on the most sensitive NULL switch pos-t.otu.
It may not be necessary to achieve nulling on the D C E dials if the tolerarce
on the voltage is large enough to require nnly '..o or three digits.

A digital voltmeter requires only a fraction of the manipulations defined
above. Only gross sensitivity se' ction and the selection of AC or DC are re-
quired on moot meters of this type. The ac;ual. voltage is displayed on (nixie)
tubies and can be read directly.

Video tape recordings were made of T.C. vcltage determinationr using both
the differential volt meter and digital voltmeter. A digital voltmeter that
could measure AC voltages was unavailable for these trials so only the DC
voltages in the test set checkout were performed.

A miniature event recorder was used to obtain a record of the various task
functions as recorded by the VTR technique. The selected functions were:

a. Reading of the T.O. step.

b. Performing the computer test set control adjustments.

c. Performing the voltmeter control functions.

d. Inserting the voltage.

e. Nulling the meter (differential only).

f. Reading the display.

Results showed the average voltage determination required 4 seconds on
the digital voltmeter and 28 seconds using the differential voltmeter. Al-
though the superiority of the digital vol'.meter for making direct voltage
readings was demonstrated, additional factors must also be considered before
making a decision to convert to digital voltmeters for the radar test bench.
These factors are accuracy, versatility, frequency of use, cost, and compat-
ability with the test equipment. There are digital voltmeters that meet the
technical criteria. However, the justification for the added expense presents
another problem. A conversion to more expensive equipment might prove to be
economical if the manpower savings were significant. A test at the Category
II tesL site with one radar and one test bench cannot determine frequency for
use. But, if an event recorder were connected to those differential meters
being used by the operational units to record their frequency of use over a
period to time, the time that coule be saved by changing to the digital type
could be determined. Of course, The time savings should be projected to the
total number of units using this cq,'ipment, and to the expected system life-
time.

While the video tape recorder was being used in the radar shop, techni-
cians pointed out that the removal of the radar antenna was complicated by
the design of the bench and by the lack of a special piece of AGE. The radar
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antenna is removed so that a malfunctioning or suspect antenna can be checked
out with the balance of the subsystem. The radar antenna weights 42 lbs. An
extender, bar slide 01, is used on the aircraft Co extend the radar package
forward so that its r .ts are accessible. The radar bench was not pro-
vitied with this bar and the technicians must assume awkward positicns to
perform this task on the bench. The bench structure beneath the antenna pre-
vents the personnel from getting under the antenna. The removal requites two
men - one on each side of the bench. They have to support the weight with
their arms extended. To complicate the removal, there are several delicate
cowponents below the antenna that could be easily snagged or dented during the
removal process.

An analysis of this task as recorded on VTR indicates potential injury
to the personnel and damage to the radar antenna due to a lack of positive
control of the weight. At present, operational units can order the extender.
slide rail, Part No. 53E340018-1 to correct this problem.

A series of still photographs was made from the monitor screen to docu-
ment the technicians' body positions during the task. The radar antenna is a
classified item and these pictures cannot be presented in this document. How-
ever, it should be pointed out that s.ill pictures taken from the monitor
screen at critical points of a task provide data for anthropometry, work space
layout, and other measurements involving man and the equipment.

MARTIN BAKER MARK H7 EJECTION SEAT

"The results of using the VTR technique on the Martin Baker Mark H7 Ejec-
tion Seat maintenance include evaluation of the VTR equipment when used in a
congested shop area. These results also include critical tasks, including
hazardous tasks involving pyrotechnic devices. Analysis of the VTR recordings
demonstrated their suitability for detailed task analysis and development of
Drocedures for training, maintenance, ,and quality assurance. These analyses
also provided identification of maintenance tasks that consume excessive time
because of inadequate design.

Martin Baker Mark H7 Rocket Ejection Seat maintenance invclves a multitude
of critical tasks. Due to the nature of the seat, which is an emergency egress
system, the performance of nearly every maintenance task has the potential of
degrading the sea- system's performance. The seat contains pyrotechnics in
the form of a rockcx, -otor, a catapult gun, drogue gun, a guillotine gun, and
a gas powered inertial reel.

During the field verification phase of this study, seats were being re-
moqed and replaced in the aircraft only to allow access to other cockpit
equipment. The video tape recording of tasks associated with other seat
maintenance requirements were madie before and after the field phase. A large
number of these tasks were recorded. They include:

a. Preparation of rocket motor fo7 installation on seat.

b. Mounting of rocket motor on seat.
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c. Insertion of firing mechanism.

d. Quality check of firing mechanism.

e. Safety lock on firing mechanism.

f. Lock wiring of rocket motor tubes and firing mechanism.

g. Routing of leg restraint cords.

h. Installation of leg guard plates.

i. Assembly and disassembly of catapult gun.

J. Cleaning and lubrication of catapult gun.

k. Insertion of primary catapult cartridge.

1. Niounting of drogue gun.

m. Interconnection of drogue gun with time release mechanism.

n. Test of time release mechanism activating drogue gun firing mechanism.

o. Pressure chamber check of time release mechanism.

p. Adjustaent of time release linkages.

q. Inetallation of drogue chute pack assembly.

r. Installation and an ng of guillotine firing mechanism.

s. Quality assurance on face curtain handle, secondary ejection handle
and lap belt break out forces.

t. Installation and removal of seat bucket.

u. Mounting of gas initiator for inertial reel.

v. Routing and attachment of billistic gas line.

w. Quality check or inertial reel.

x. Lockviring of most of the above.

The preparation of the rocket motor for mou.ting on the seat bucket in-
volves some work that could be circumvented. The rocket motor is received
from the supplier vith all of the rocket tube caps lock wired. However, when
this wtotor in mounted onto the seat bucket, the leg restraint cords msat be
routcd between the tubes. This cannot be accomplished with the lockvires in
place. Therefore. they are cut and removed. The rcstraint cords are then
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slipped between the tubes, and the tube covers are lockwired again. The total
additional work required for the cutting, removing, and lcckwiting is 6 minutes.
This task must be repeated each time the motor is removed from the seat bucket.
One solution of this problem is to redesign the fitting on the proximal end
of the leg restraint cord so it can be attached after the cords have been
threaded through the rocket tubes.

-le task of mounting the gas generator into its clamp indicated that the
clamp had to be modified by many bending and forming actions to achievo a pro-
per fit.

These two equipment design problems highlighted by means of the VTR
technique have been forwarded to the appropriate engineers for resolution.

Although there were no unforseen problems identified through the video
tape recordings, the technique clearly identifies the critical tasks involved
with field maintenance. (see Figures 31 and 32). The recordings contained
enough detailed information that they coule have provided for writing of
technical orders or training. Some of the elements that could improve pro-
cedures and zraining were:

a. Identification of tools and test equip-.ent.

b. Orientation of the component relazive to the seat.

c. Description of the method of mountinF and the sequence of mounting
the component.

d. Desriiptiov e d demonrtrati - of quality checks with expected and
actual test criteria.

Identlficatl.on of those in the tasks that ate ,,'b bect to precise
,rovdent.

f. Tde-uification of hazardous tasks and cautions to he observed.

TRIAL ;!SThTALATIONS OF A DEVELOPMENT STAGE MISSILE

The use of the VTR technique for missile and missile A(;E operations in-
cluded Introduction of the VTR to a contractor's test ser•ls and the compari-
son of the VTR technique to movie camera recordings during Ltts. These
evaluations with a missile svstew. also provided identification of critical tvks
and equipment problema. Additional information is provided regirding attltucr
of test personnel After an adequate VTR demonstration.

one of the most important evaliation o-' the VTR technique wAs dcmonstrAted
in its use on thg trial instAllations of the .k{•6 , MA1verick mitsile on thr
F-4E aircraft.
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Figure 31. VTR Detail of Lockwlring Rocket Tube Cop*

Figure 32. VTR Detail of the Insertion of Firing Pin Mechanism*

These pictures were taken directly off of monitor during VTR playback.
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The McDon-ell Douglas Facility at Edwards AFB is the Category I test site
for the F-4E aircraft. It also serves as the test site for other McDonnell
Douglas aircraft and for new subsystems in the research and development stage.
The management of this facility had been briefed on the purpose of the PSTE
study and upon the capabilities of the techniquez. They were asked by the

author to alert him to any tests that involved equipment in early design stages.

The author was notified that the Hughes Aircraft Company was to make some
trial installations of the ACM65A missile and its launcher.

After being introduced to the Hughes personnel, the author was breifed on
the conditions applicable to the test. The exterior view of the missile was

classified. go video recordings were to be made unless the movie cameras were
also running. This requirement was to preclude video tape recording sequences
that showed problems. The movies were being made primarily for promotional
purposes.

It was pointed out that this trial installation was a first attempt, and

that some problems might occur. These problems would be solved in the produc-
tion article, ard to record them would be misleading the viewer of the record-
ing. The author agreed to abide by these rules for he had no authority or

responsibility on this probject.

After nearly twenty minutes and several minor problems, e.g., the lift
truck forks would not engage the launcher adapter holes. The author was asked
by a Hughes AGE engineer if these scquences had been recorded on tape. The
answer, of course, was "no". The engineer was informed of the restrictions
that had been specified by Hughes. Thereupon this engineer, test management,
and the author had an informal conference. It was agreed to let the author
record any parts of the tests with the provision that the tape would be rerun
at the conclusion of the test and any scenes that Hughes Aircraft personnel
didn't went recorded would be erased. In addition Hughes was to be provided
with a duplicate copy of the tape for their use. From this point on, the VTR
was used almost constantly. The recording was only interrupted wh2n no work
was being accomplished, e.g.; lunch time, and group discussions.

Shortly thereafter, the advantages of the VTR technique began to become
apparent. The AGH65A launcher with dummy missiles was to be mounted on
the F-4E. The mounting operation consisted of a HJ-4 bomb lift truck witr.
forks engaging a launcher adapter which held the launcher with its preloaded

missiles. The HJ-4 positioned the load under the aircraft's pylon and lifted
the launcher with missiles to a point where the lugs on the launcher could be
engaged with the pylon hooks.

After the pylon hooks engaged the launcher lugs, the launcher adapter
was disengaged from the launcher and the HJ-4 withdrew it from beneath the
wing. The disengagement of the launcher adapter indicated that the technique
and procedure for removing the pins that held the launcher to the adapter and
the folding down of the adapter's arm was a critical operation. The HJ-4
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had to relieve the downward force of the load to permit pins to be withdrawn.
This required careful manipulation of the KJ-4's roll, lift, tilt and other
controls. In addition, the folding of the arms could not be accomplished
unless there was adequate clearance beneath the launcher. These problems, the
author was informed, would not be present in the production equipment. It was
obvious that the sequencing and technique as recorded on VTR would provide
important data to engineering, technical writers, and training personnel. The
sway braces on the launcher were then tightened to stabilize the load.

When the installation had been completed, the missile complex was removed
from the pylon. The KJ-4 positioned the launcher adapter beneath the pylon
and elevated it to a point where the arms were unlocked from their prone
position and rotated and locked into a vertical position. Again, the point
at which the arms are rotated is a critical position and should be defined in
T.O. procedures.

The alignment of the adapter to the launcher in order to pin them together
was the most time consuming point in the trials. This can be accounted for in
several ways. Under first time test conditions like these there are too many
individuals giving direction. The lack of established procedures contributed
to the confusion. However, it must be said that the alignment of four holes
on the launcher and four holes on the adapter presented a difficult task be-
cause of the close tolerences, poor visual access to the MJ-4 operator, and
the lack of self alignment features. Here again, the engineers stated that
this sort of problem would be solved in the production articles and the re-
cording of this sequence would be misleading. It was pointed out by the
author that a copy of the recording would be provided to Hughes Aircraft for
their use, and that these data would not be used to document design discrepan-
cies. Only a limited amount of this task was filmed.

After the launcher was secured to the adapter, the hooks on the pylon
were disengaged. The MJ-4 forks had been raised slightly so that the weight of
the launcher and missiles was supported by the launcher lugs. When released
the launcher and missiles descended downward for a short dist.nce because of
the slack in the fork lift holes on the launcher. However, it was thought that
there may have been a lateral movement. This sequence was not documented on
movie film but had been recorded on VTR. The video tape was rewound and the
scene was played back. There was a decided lateral movement. This movement
cracked one of the miesile's fins against the pylon. The lateral movement
could be accounted for by the unknown lateral (inboard) forces built up during
the attempts to align the holes for pinning. Since there was no feedback that
this force existed, nc precautions were taken to avoid its effects. It is not
known at this time under what conditions this would occur in an operational
squadron but it is fully documented and could lead to design and procedure
changes that would preclude its' happening. The capability of the VTR record-
Ing to capture critical events such as this and then to recreate them in a
matter of a few minutes is one of VTR's unique and significant attributes.

Several other minor events were recorded on the tape in addition to those
deecribed above. The entire recording was replayed for Hughes personnel to
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determine if any sequences should be erased. No erasures were requested. In-
stead they expreased overall enthusiasm f;r the recording and technique.

The next day the Ampex tape recordc- was used to play the original video
tape into the Bell and Howell recorder to make a duplicate audio and video
tape. The copied tape was forwarded to Hughes Aircraft. A description of
procedures for making duplicate video tapes is in Appendix I.

About a month later the AGM65A personnel returned to the McDonne!. Douglas
facility to -iake trial Installations of the missile on a launcher already
mounted on an F-4E aircraft. This task involved engaging the missile rails
with the laonchez rails and sliding the missile into place. Several unique
pieces of AGL were required for these tests. Similar tests had been conducted
on the F-111A, bur the author did not attend this demonstratio-.

While awaiting the arrival of the missile and AGE from the F-111A hangar,
the NcDonnell Douglas security guard informed the Hughes Aircraft personnel
that the base photographers were at the guard shack, and wanted to know if
Hughes had requested them. Hughes' personnel answered that they could use
the still photographers but would not need movies because the VTR was there.
They also remarked that the VTR was better than movies for what they were
going to do. It was obvious that the VTR technique had proved itself on the
first demonstration.

This entire series of trials were recorded on video tape with no interrup-
tions while woick was being performed. Several task elementr consumed a large
amount of time. One of the critical tasks was the alignment of the missile
rails with the launcher rail sc that a smooth and complete mounting could be
made. Due to the close tolerence between the two rails, very precise align-
ment had to Le established before an aft movement of the missile could be
made. The requirements for alignment and the corrective action for improving
this pricedure could be derived in part from the VTR recordings.

Accessability of the electrical connector in the pylon is poor. The
pylon, door containing the connector hits the missile fin and therefore cAnnot
be fully opened. In order to accomplish the connection between the launcher
and the pylon one must go to the rear of the right hand missile, reach forward
and into the "V" shaped opening made by the partially opened door, they make
a turn with the wrist until the hand is inside the connector cavity. The task
of connecting the launcher cable to the pylon connector is effected with no
visuaa. access. The manual access is difficult becau-e it requires a long
reach. Personnel with short reach have difficulty engaging the connector.

Tw hours of recordings were made during these trials. Duplicates were
made from the original and forwarded to the Manager of AGE for the Maverick
missile. At the time of this writing rno information is available on the use
of this t4pe record.
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RF-4C AIRCRAFT UPDATE MOECKUP EVALUATION

This use of the Vri was to develop data for system design during the
proposal stage. Just prior to the field phase of the PSTE study, the author
was given the opportunity to video tape the RF-4C update mockup including the
procedures involved in zemoving and replacing the new subsystems and new air-
craft structure. The video tape recording system as modified for field work
was not yet available and the mockup recordings were mad'e under marginal con-
ditions of mobility and illumination.

Two days were spent observing and recording the practice runs Df the mock-
up crew. Care was taken to cause minimun interference. After the formal mock-
up demonstration, the ati-11%r was informedi that he could utilize the mock-up
crew to perform the tasks as required. The person responsible for the personnel
subsyster sensor maintenance was on vacation. Therefore, it was decided to
concentrate on those tasks that could be considered critical, for the load
crew and equipment would not be available when the PS man returned.

One of the problems of mock-up video taping stemmed from the fact that all
of the sensor boxes were painted black and all of the maintenance personnel
wore white coats. The vilicon tube integrates the total light falling upon iLs
face, and when exposure is adjusted for the white area, the shadow or darker
area is rendered black. If exposure is set for the dark area the white blooms
up, losing all the detail. The system may even go negative because of being
overdriven. This light environment was a very difficult one in which to work.
However, adequate recordings were made.

Most developmental mockups are not fabricated in detail, and one must
recognize that plywood, sheet metal, and conceptual hardware do not posse3s
the fit of machined equipment. Mock-up boxes are infrequently weighted to
simulate the end item. Tasks involving mock-up equipment must be judged in
terms of production equipment.

The mock-up crew was most cooperativL and explained some of the design
concepts to the author. On several occasions some of the equipment not being
worked on was removed to give the video camera a better view of the proceed-
ings.

The video tape recordings were reviewed by project engineers, project PS
personnel, and by the F/RF-4C office PS monitor. The general consensus was
that the recordings represented the mock-up well. However, some engineers
thought that the recordings were too negative. That is, they dwelled on de-
sign problems.

It must be admitted that the recordings did concentrate on those areas
that might create problems, such as alignment, weight handling, visual and
manual access. The engineers stated that a later version would not possess
these problems once the project ;.as underway.
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The mock-up did reflect significant design improvement over the current
RF-4C. An hour or two could have been spent documenting the improvements.
This indicates that the data derived by the VTR technique is highly dependent
on the discipline and responsibilities of the person doing the recording.
Purely promotional documentation is better left to the movie camera with its
high resol.ution and color capability. Wringing out a design can be handled
better with video tape recording because of its ease end economy of operation,
rapid playback, good quality audio, and its ability to record lengthy scenes.

WEAPONS LOADINC TASKS

A field trial of the VTR was conducted at Nellis APB to test the equipment
under Category III test conditions, and to expose the technique to the opera-
tional personnel. The author was informed that some weapons loading teste were
going to be made at Nellie AFB during the later part of February 1969. Upon
concurrence with the technical monitor, preparations were made to move the
equipment from Edwards AFB to Nellie AFB, a distance of 260 miles,

Originally the eqzipuent was shipped from St. Louis to Edwards AFB via
commercial freilht in packing boxes. It was decided to attempt to move the
equipment to Nellis by means of a rental trailer. The conventional van type
was not used because of the potential difficulty of loading and unloading the
cart. Instead, an open stake type was selected that had a heavy tailgate that
could be used as a loading ramp. It was possible for one man to load the VTR
cart into the trailer. The cart was secured within the trailer with rope.
Because of impending rain, the carts doors and meter housing were taped to
prevent water getting into the storage areas and the voltmeter. The VTR and
lights were stowed in the car trunk. The trip was uneventful except for heavy
rain and wind.

At Nellie the TAC maintenance officers were very interested in the VTR
technique and offered valuable suggestions as to where best to apply it. They
also discussed ecAe areas where the VTR might be continually used in their
work. One of the most promising applications would be in the establishment of
weapons loading standards.

The formulstion of loading standards requires the optimization of the load
crew with a special emphasis on safety. The VTR would permit a group of ex-
perts to assess trials and formulate effective procedures.

A demonstration of the VTR system was conducted for the standardization
team. They were impressed by the rapid playback, quality of image and voice,
and the maneuverability of the camera/operator station. The standardization
personnel suggested that the load crew certification exercises planned for the
next day would provide useful data and a test of the technique. The certifica-
ticn personnel were ccn.tacted, and agreed to the test.

Normally, ic'd crew certification is conducted outside on the '"ot line",
but due to a storm front, it was moved into a hangar. The munitions used for
these exercises are inert. However, they are weighted to simulate the weapon.
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The fuses, fins, arming wires and other parts that have to be used are identi-
cal to the actual hardware.

The certification requires the load crew, the load crew chief, and the
certification team; for a specific weapon, the load crew chief informs his
crew of the place, time, and loading. In addition, he describes the precautions
that have to be taken. For example, clearance around aircraft of 500 feet,

requirements for fire fighting equipment and other sLfety steps. Then the load
crew begins a step by step preparation of the aircraft by removing all pyro-
technics. In order to assure that each element is accomplished, the crew
responds to each order by calling out the station he is checking; right, left,
center. The cockpits are checked for the positioning of switches and circuit
breakers and a stray voltage check is made. Only after these steps are taken
does the crew start preparing for the weapon itself.

No attempt was made to slow down the loading task to get a VTR. However,
it was soon apparent that the load crew and load crew chief were widely dis-
persed, and that detailed recordings of what one individual was doing would
result in no record of what the balance of the team was doing. No attempt
was made to record the tasks being performed in the cockpit.

As most of the preparation for the weapon was performed beneath the fuse-
lage and wings, another shortcoming of the equipment was evident. The tripod
and camera could just clear the overhead, and the camera's access to the
cavities was very limited. In the future, this can be overcome by acquiring
a fixture that mounts on the tripod but positions the camera as low as floor
level. Even with these restrictions, meaningful data was acquired. Detailed
scenes of sway brace adjustment, lug engagement, and crew interactions were
taken.

The load crew is graded on its performance and is informed of any dis-
crepancies. One indication of how complex a task it is to assess their per-
formance is that on two occasions the crew was told that they had omitted a
step. The individual crew members insisted that they had performed the step.
Replay of the tape confirmed that they had in fact performed the step. On the
other hand, the recording confirmed that the crew had violated some safety
precautions by having their hands between the bomb and the fuselage while it
was being elevated by the bomb lift truck.

It ia not suggested that recordings be made of all load crews hanging all
weapons. However, VTR can provide quick and comprehensive training. On tasks
such as oeapons loading it is obvious that several cameraa must be used or that
the loading be duplicated from several camera pocitious to acquire adequate
data.

A total of five weapons loadings and unloadin.,3 .er recorded. These
tasks typify the situation where the use of a microphone cord is unsatisfactory.

Detailed VTR data would provide operational personnel and design engineers
with information regarding turn around tiat, maxed load problemas, and areas
requiring improvement such as stray voltage checks and fusing.

71



Figure. U3 RigIong of Fuse Wire*

PrU34 Lised Crew. Inistalling 16m6 oni F-41E Pyle-1*

D-ese p~ctweo -*to. tu~em sliecfly 3,ff of snoo 4wf VTR pIoybaick.

72



One factor that should be discussed is the possibility that people might
fear and resent the intrusion of the VTR technique. At the Nellis AFB trials
the author met load crew for the first time. The justification for the test
was explained to them. Simply stated, this was: the technique itself was
being tested. All through this study there was a wide variety of personnel
being recorded and not one objected on the grounds of an invasion of privacy.
This, of course, does not mean there will be universal approval. On two
occasions bystanders stated that they would not want to be recorded performing
their work. It is suspected that the persons who .tll object most violently
are those who know they are inadequate or believe that they are. Precautions
should be taken to avoid making this technique a "big brother" type operation,
or forcing it upon those who object.

ROCXEYE MK 20, MOD 2 TECHNICAL ORDER VALIDATION AND FIN HAZARD

A T.O. validation was scheduled at the McDonnell Douglas Facility for
T.O. lF-4C-33-l-2 check list. Two MDC technical writers visited the test site
to validate their procedures against the actual loading of the weapon. A video
tape recording was made of the check list which included the following:

a. Aircraft Preparation

b. Munition Preparation

c. Preinstallation Inspection

d. Loading

e. MER, TER, Installation

f. Post Loading Inspection

g. Cartridge Inspectiov

h. Immediately Prior to Launch Inspection

i. Delayed Flight and Alert Safing

J. Safing

k. Unloading

Th.re were no significant results from the video tape fatd. At times
personnvý performing the loading had Lheir hands in dositionN where serious
injury could occur, e.g. between the bomb and NFR structure &irn the lift
truck was elevating the weapon. Due to unusual cir-umstances, the persons
perforting the task were not those who normaily pert rr weapo is loading. 1he
difference between the recordings for thl in-tAllation and these of the Nellis
AF3 IoAd crew Impresses one- with the fmportAnce. of trAinlng in regard to safety
and effective ordnance loading.



The flight test engineers were interested in the potentild hazard and the
characteristics of the Rockeye bomb fins. These fins are spring loaded and
are retained with a steel band until launched. A test was planned in which
the pin holding the retaining band would be released allowing the fins to
spring out. Both slow motion moving pictures and video tape recordings were
made of this test. The playback of the fin movement showed that not only were
the fins a hazard because of the speed and force with which they deployed, but
the retaining band would whip around creating a hazard to the eyes. Since the
strap would move beyond the fin envelope the safety zone would have to be
enlarged to allow for this characteristic. In addition, the fir and strap
deployment had significance in so far as separation from the aircraft was con-
cerned. The slow motion movies when developed were much more detailed than
the VTR image. Yet, the VTR was capable of documenting the basic hazards.

ANTNHRPOMETrY

The VTR technique wss used as an aid to define a complicated human factors
technique for relating the functional eye positions of the pilots to the struc-
ture of the F-4E cockpits.

During the field test of this equipment, a McDonnell Douglas anthropologist
visited the Category II test site. The purpose of his visit was to develop
some data on the functional eye positions of the pilots. The technique he was
going to ,me involved the aircraft, the pilots assuming a flying position, and
a transit. The transit was used to relate the eye position of the pilot to
known structure of the aircraft. The trigonometry of this technique will not
be covered in this report. However, the steps takan tc achieve these measure-
ments were recorded on video tape. This information was later reviewed by the
contractor PSTE representative in o;rder to accurately report the eye position
data and the technique by which it was derived. One of the means of explaining
this technique consisted of the anthropologist sketching the procedure step by
step with chalk on the floor of the hangar while explaining it verbally. This
chalk/blackboard technique would be very valuable in circumstances where a
complex description or explanation must be given step by step development.

USE OF PORTABLE AUDIO RECORDER TO OBTAIN VOICE FOR VIDEO TAPE

One of the problems experienced xfith video taping in hangars and shops
wzs getting a good audio track. Two factors contribute to poor audio. One
is !he high ambient noise level and the second is the problem of keeping the
microphone wire where it will not inte-'fere with the tripod dolly, get entangled
in equipment, or cause someone tn trip. Yet, the audio track provides valuablc
annotation and an effort was made to devise a better method. One of the methods
that proved to be useful was recording the sound on a Sony Kodel 100 portable
tap* recorder. This unit is powered by batteries and is small enough and light
mough to '.a carried on the shos.ider. The sound recorded on this recorder is
dubb"d on the video tape at a later time. A description of this technique may
be found in Appendix I. •Iith reasonable care the dubbing will be good enough
to achieve lip synchronization with the video portion.
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INSTALLATION OF THE A/A 37U--15 TOW TAiGZT

The F-4E Category I1 test was evaluating the installation, launching, and
aircraft towing of a toy target. The VMi technique was used to evaluate the
installation of the POD that supports the target and contains the cable reel
that deploys the target when it is airborne. Exmination of the video tape
data indicated that this task would have to be recorded from several angles
and would require low camera positions. Additional recordings were not
accomplished because the task was not repeated when the VTR equipment was
available.

75



SECTION V

ASSESSMENT AND RECOMMNMDATIONS

The ass.ssment and recommeadatiotin of the VTR technique will be presented
in two pa,-cts. The first part is assetaent by the disciplines involved in the
testing, design, and support of weapon Lvstems and subsystems. The second
part is the assessueut and recomendations regarding the equipment used in
this study along with suggested improvesents.

ASSESSMENT BY TEST DISCIPLINES

In order to determine the potential of the VTR technique, it was planned
to expose its use and data to as many test sections as possible. Disciplines
such a design, training, technical writing, and maintainability were also
given demonstrations of its use. A wide variety of test, design, and support-
ing functions saw the VTR equipment in use and had a chance to review the
tapes. However, most of these sessions were brief and imparted limited in-
formation. Further exposure and experience with the data should reveal addi-
tional applications of recorded task data.

Generally, the advantages of the video tape recordings over currently
used methods such as direct observation, maintenance reporting forms, question-
aires, and checklists was so obvious that the VTR technique was accepted at
first sight.

Mr-ny persons were totally unfamiliar with the equipment, and some did not
know that relatively small video tape recorders were available. The quality
of the audio and video data, the fast playback capability, and ease of opera-
tion were the most impressive features., With very few exceptions, the VTR
technique was regarded as a new and valuable tool that should be used in
testing. Most of the questions asked were those related to cost, applications,
and the techniques involved in making copies. The only serious objection to
its use was by some design engineers, who did not relish the wide distribution
of recordings that showed task difficulties associated with their equipment.

Because the exposure to the various groups varied, and each group had
somewhat different responsibilities, an asliessment questionaire was not used.
The following generalizations are based on cc'msents made during the study:

a. Air Force

(1) PSTE. Management at Edwards AFS (Bioastronautics Division)

It was the opinion of the officers in charge of implementing
PSTE on tests at Edwards AFA that tle VTR technaique had major deficiencies in
oo far as their effort -was concerned. The following summarize their views:

(a) VTR equipment is too expensive and the justification for
its procuremnt wulC, be extremely difficult.
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(b) PST of ficers in charge of ?STE program would not have the
time to use or direct the use of the technique, or to
analyze the data.

(c) PSTE team members would require too such tralning in order
to use the equipment.

(d) PST! is a reactive process responding only to problm
identified by the test force.

They felt that VTR had some advantage over current techniques but these would
be outweighted by the deficiencies listed above. The use of VI1 by the coo.-
tractor during systeu development was suggested as an excellent place for V1!
application.

(2) PSTE Management at Norton API

The Minuteman PSTI team captain had attended a R.mam Engineering
Conference at which the plan. for this study were described. He had requested
a briefing 3n its progress, and this was accomplished late In the field pdaae.
Several recordings were played and a demonstration of the equipment and its
modifications was given. In his opinion the VT! technique would provide his
teas with valuable information. He was especially interested in obtaining a
report of the results of this study and in methods of acquiring the VT! equip-
meat.

(3) F-4 Aircraft PS MNeitor

The Personnel Subsystem Monitor for the F-4 Aircraft Office
(formerly the F-4 System Program Cffice) reviewed many of the VT! recordings.
He has encouraged the application of the technique on F-4 PS elements, and 'has
asked that it be demonstrated to the other PS monitors, especially with refer-
ence to its use in ordnance handling. His review of the recordings made of
the RF-4C update mock-up tasks provided him with deF.ailed information regard-
ing maintenance of the proposed equipment. The F-4 Office does not have a
play-back VTR so full advantage of these and other F-4 recordings could not be
accomplished during the study.

(4) Program Management

Due to the lack of significant find'ngs on the tw selected
subsystems, there was no exposure of the results of the VTR technique to the
F-4 office management. The AGN65A System Program Office (SPO) smagement was
not provided with the missile installation video tapes because the recordings
did not represent a stage of development that Hughes Aircraft deemetd suit3ble
for forimal evaluation.

5) KMaintenance and Ordnance Handling

The coemonts made by maintenance officers after being briefed ou

the VTR tecdnique indicated that they believed it was an anewr to mw of their
moot serious problems; that of tracing down a problem to its specific cavme.

77



They described several current problems that it"'olved finding a way to prove
that their personnel had performed their work properly and that the units were
working to specification prior to delivery to the organizational level. one
such problem involved documenting the fact that units received from the depot
did not perform according to specifications.

Tactical Air Comeend (TAC) officers. munitions loading, and
maintemance personnel regarded the VTR technique as a potentially valuable tool
In establishing standards. It was believed that etficient standards could b.
forualated such more rapidly through the utilization of VTR recording. than
with their current method of many live trials.

(6) Air Training Comad

The PST1 observer evaluators who were transferred from the F-42
PST1 tem shortly after the beginning of this study had more exposure to the
VT! technique than anyone else on the test team at Edwards AnS. They believe
that MT %ioald provide them with a fast, inexpensive way to develop specializad
training materials. It would also provide a means of effectively utilizing
the observer evaluators on ?STE by assuring coverage of task&. identifying
problem areas, and providing a means by which human angtneering or life support
specialists could be briefed on problem areas. They believed that tape. pre-
pared prior to Category 11 testing would be a good way to brief Category 11
test persouna. on vystme equipment and procedures for both training and Pm?.
One of tbe ATC menas transferred to the P-111A program and began using the
IV-llA program video tape recorder (originally intended primarily for air crew
and cockpit evabvatioc) on maintenance activities. His effort in t~his area
was received with enthusiasm by the F-111A teat management.

b. Contractor PS and PM? Personnel

The McDonnell Douglas Engineering Psychology Departc!!nt has been using
the VTM for human engineering evaluation on 7-4 aircraft and missiles, space
recones'.ssance, and advanced display simulations for several years. The
potential usefulness of the VTR technique for FST! was recognized very early
by the 7-4 Personnel Subsystem Group. It was believed that this technique
would have applications throughout the PS elements and in all category tests.

The early use of the VT! was limited because of limited nobility and
compexity of equipment compnents. Although many improvements were needed,
the time requir*4 to implement these modifications was not available due to
heavy project commitments. This stutdy contract provided a means to implement
the chastles, and to apply and evaluate this technique on a vide base.

Kninasring Psychology Department personnel at McDonnell Dokuglas,
St. Louis Interface with amany of the design, support, and testing groups.
Their requirmnlsu as well as thoac that are more exclusively the concern of
the personnel swbeytam activities can be partially met by the VTR technique.
At this time. the Rogineering Psychology Department is working vith several
design and surport growps in Lhe application of the technique to additional
areas euch as ma4i~facturing methods and Time Compliance ?echr'ical Orders
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One *f the Mc~onnell F-4 FS group has been on the F-49 Category 11 test
since its beginning. This is the only person performing PSTE on this test
program at the present time. Based on experience with the presently used FMT
techniques, and upon needs identified during the test, this person ise convinced
that VTR would greatly improve FSTE effectiveness.

c. Contractor and Vendor Engineering

The attitudes of ergineers regarding the usefulness of the VTR tech-
nique varies with their responsibilities. To the design engineers VTI record-
Ings present both a valuable toei and a threat. Pros the positive standpoint,
VYR offvnre them a method by which they can evaluate their equipment being used.
It aids in pinpointing proble areas and in fozmi~lating corrective actionis.
However, som are skeptical about the distributia z of the video tapes. This
is especially true for mock-up and early maintenence trials. They feel that
the problems associated with these early events All not represent then produce-
t ion equipoent. a nd that the recordings my Siva the viewers the wrong Imk-
pression. qovever, many design engineers woul'4 utilize video tape data pro-
vided by vendors or the Air Force.

Test engineers regard video tape recordings as an excellent means of
evaluating design and performance. Since they did not design the equipment
these enineers are more favorable toward distributing the data to others.
Video tapes made during this study have been used by test engineers to assure
exact duplication of maintenance procedures. VTR data can significantly reduce
the time and effort to prepare test reports, and aid the recipient in wider-
.vtanding the data.

ASSESSMWI OF RQUIFY4ZT AND RZCMUDATIONS

a. VTR System Zonsiderations

The VTR equipment used in this study should be compared with battery
powered portable systems for use in PST! of maintenance activities. The
powered portable sys tems have some primary advantages. These are:

(1) Mobility - The camra, lens, microphone, recorder, and battery
pack weight less than 25 pounds.

(2) Simple wiring and operation.

(3) No smoitor required - A smal CWT In camra provides TV image
for focusing, soom, and framnig.

(4) No etternal rover required - Powered bry internal battmries or can
use ground power if available.

There is wo question that this type of unit is superior in mobility, cost, sad
simplicity. RD-ev r, there are some serious limitations .
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(1) The recording cannot be played back on the portable recorder.
It has to be played on a larger machine. A playback system with
monitoi weighs nearly 75 pounds and requires 115v 60 cycle power.
Therefore, one of the major advantages of video tape over movies
is somewhat offset by having to take the apool of recorder tape
off the recorder to play it on another machine which is nearly
as heavy is the ones used in this study.

(2) The horizontzl resolution of the battery powered systems is from
220 to 300 lines. This is a loss of 180 to 100 lines compared to
the larger units.

(3) The tape capacity allows 20 min-tes of continuous recording,
whereas the VTR units used in this study provide for one hour of
continuous recording.

(4) The batteries will provide for one hour of recording when fuily
charged.

(5) The hand held camera requires support for lengthy recording
sc-4uences or for those scenes requiring telephoto work.

.No VTR system has all of the characteristics needed for maintenance
evaluation. Based on the experience gained in this study, it is recommended
that both the battery powered units and the larger systems should be used in

In order to perform PSTE properly, some of the complex tasks should
be recorded simultaneously from different camera angles. rr example, weapons
loading involves a crew of four people who at times are widely separated. A
wide an,Žle shot wuld define positions but would be useless for details. A
camera working on details would not show the positioning of the team.

The 'VTR technique is not difficult to learn. The ATC perso--el and
several McDonnell Douglas engineering psychologists have learne-' co use the
technique. With the test guide and ;ldeo tape instructions An average person
can learn the procedures in one day, and become proficient in onie week. The
rapid playback of reccrdings speeds up the learning process and gives the
trainee confidence.

The most significant problca associated with the Aile utilization of
the VTR technique is the variar.ce of VTR machine characteristics froL. one manu-
facturer to another. A recording made on one machine, with a given tape size,
speed, and scanning pattern will not play back on any other machine except one
that has identical characteristics. There is little evidence that the industry
it approaching a standard format. Staadardization may take many years. and to
wait for such a development woulAl seriously delay the utilization of a valuable
tool. The logical solutiot to the problem is for the contractor-, vendors, and
military services to standardize on th, basis of the most versatile and best
designed equipment available.

so



b. Lenses

(1) Assessment

The two zoom lenses used witL the system worked well. The zoom
feature definitely is required for adequately recording maintenance functions.
Of the two lenses, the Angenleux 15-150m focal length range was used more fre-
quently simply because it had a 10-1 zoom ratio. The Canon lew has only a
4-1 ratio ,-oom ratio.

A few problems were encountered with the use of thene lenses.
The operator muwt reach around the camera vhile viewing the monitor and manual-
ly position the focus. zoom, and iris settings. The crank for the zoom ring
on the Angen•ieu lens sometimes becomes inadvertently disengaged and vben the
operator needs to zoom he may have to spend time getting the crank and ring
gear teeth engaged. This can result in loss of detail or a point of interest.

On a few occasions it would have been useful to have lenses that
mould produce magnified images of mall parts, and lenses that had an aztremtly
wide angle of view, to provide for recording of tasks within the equipuet
ccapartnts.

(2) Recnmendations

(a) Zoom leases with large focal length ratios should be used.
The minimum ratio recomended is 8-1.

(b) Zoom lenms should be provided with remote control of focus,
zoom, and iris functims, and the controls should be located
on the rear of the camra or on the tripod handle. The
control box for thtb lens should be clearly labeled in terms
of control functiouz to prevant sleving che %rong direction.

(c) An extremely vide angle lens. about 5m, should be available
for work tiside of compartments. Experiaments should be
conducted to test the feasibility of using coherent fiber
optic bundles in very limited areas.

(d) SupplmentayL lenses and filters should be part of the sys-
tem. The supplementary lens available for sim zoom lenses
extends the zoom range by 1.5X or 2.01. A f2.8, 15 to 150
lens becmes a f4.5, 25.-250m lens vith a 1.5X adapter, or
& fS.6, 30-30C= lens with a 2.01 adapter. There is, of
course, a penalty in light transmission.

c. Cm4tra

()Asseasment

The GTL cara provid•d very goo" pfcture qxuality and w malfuc-
tios vare experienced vith it. Nowewr, the lck of a built-in vievfindar or
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monitor on the camera was a definite handicap. The mounting of the monitor
between the tripod legs tends to produce disorientation of the operator vith
respect to the object. Zooming and panning had to be accomplished wholly on
the basis of the monitor image.

The video level meter was a valuable addition to the camera in
that it provided a feedback on the target and beam controi settings and assured
optimum video signal to the recorder.

The improved camera mount was decidedly superior to the ringle
bolt mounting provisions that are on the off-the-shelf equipment.

There were mnmerous times when it would have been desirable to
point the camera down to give an overhead view. This was not done due to the
risk of damaging the vidicon tube with internal debris falling from the fila-
ment onto the vidicon face. This creates white spots which are permanent.

(2) Recomendations

(a) Any video camera used to evaluate maintenance should have a
built-in viewfinder. This should be a cathode ray tube
(CRT) rather than an optical device. This will provide the
operator with correspondence cues between the object and
movement of the camera.

(b) All controls associated with the camera and lens should be
built into the cmera, attached to it, or on the tripod
handle.

(c) The camera should be provided with a video level meter to
assure proper signal strength.

(d) Camera should be lightweight and rugged.

(a) The camera should be provided vith a strong mounting bracket
that give.. positive locking.

(f) Very mall hand held cameras are necessary for work irnside
of cockpits and covw rtments. However, in these environ-
ments the zoom lens, CiT vlevfinder, and video level meter
would probably have to be sacrificed for mobility and
accessibility.

(S) Various *; _•ting and roof prism should be investigated to
develop a vertical (dowrward) capability for the zoom lenses.

(h) Various le" mounting plates should be acquirzd so that the
camera can be placed closer to the object for very detailed
york. These voulL' merely extend the lens distance frce the
vidicon tube face, and would reatrirt the focusing of the
lenI at the greater distances making markings on the focus
ring incorrect.
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(i) Special low light level, and infrared, vidicon tubes should
be investigated to determine to what extent they will
perform under low scene illumination levels.

d. Cabling

(1) Assessment

The cabiing and power lines were effective and significantly re-
duced confusion, hook-up time, and obstructions on the floor. The BNC connec-
tors were much easier to connect and provided adequate cngagement feedback.
These connectors are subject to damage if stepped on, and are difficult to in-
stall on coax line without the proper toolL.

Although cables lengths were adequate for most of the flight
line, hangar, and shop work, it was obvious that units that have a self con-
tained power supply could significantly reduce the weights, length, and number
of wires.

(2) Recommendat ions

(a) Wiring and cabling of a video tape system is very important
to its mobility aLd capability. A VTR system should be
mocked up and the wire lengths, cable combina' ions, and
connecting points optimized early in design.

(b) The use of auxiliary power units should be thoroughly in-
vestigated with the possibility that a VTR system can be
totally self contained.

(c) The saal. battery powe-ed VTR systems should be used In
situations where ground power if not available, or when
very fast reaction time is required.

t. Tripod and Dolly

(1) Assessment

The tripod and dolly gave excellent service. The tripod was
rigid and the height range (32" to 72") was adequate for most f the study
work. As long as there is ample floor space in which to amneuv,'r, the legs
do not interfere with the task. However, if there are obstructions the only
way to position the camera is to P!ice the tripod upon an object, hand hold
it, or mount the camera on sow other support.

When recording munitions loading or other tasks beneath an air-
craft fuselage and wings, the tripod and camera bar.ely clear the overhead.
This limit on 'he ov adjustument rlso prevents the camera from looking up into
the compartments where the work is being performed.



The 4-inch, hard rubber wheeLd casters on the dolly are adequate
for hangar floor, shop, and flight line wo k as iong as one does not have to
move over cables and air hoses. Any obstructiov. of this kind makes necessary
the lifting the camera station over the cOject.

(2) Recommendations

(a) Tripo<s and dollies procured for VTR shoulJ be of the heavy
duty type in order to support the camera weight and to re-
duce vibration.

(b) Tripod pan/tilt heads should have provisions for holding the
video camera tightly and should have positive locking
features.

(c) Some tasks may require camera mounting on structures other
than tripods. Varf.-ut pieces of Air Force AGE can be used
such as elevator work stands, cherry picker cranes, and
facility structurea (railings, overhead rails, and cat
walks).

(4) For Im angle work, tripod accessories should be provided
to allow the camera to be offset from the center. This
will permit coe camera to be lowered nearly to ground level.

(e) For hangar and flight line use, the dolly wheels should be
replaced with 8-inch diameter pneumatic wheels so that the
dolly can bc moved over moderate obstructions.

f. Microphones

(1) Assessment

The microphones produced good quality sound recordings except in
areas where the ambient noise level was high.

The biggest problem with microphones is the cable. In most of
the tasks, the movement of the maintenance personnel is impeded by the micro-
phone cable getting caught on structure, tripping personnel, and either being
too long or too short for the Job.

The carbon microphone on the headset could not be matched with
the two dynamic microphones. Consequently, the carbon microphone overlaoded
the audio while the other two gave weak or Indistinguiehable inputs. If the
gain on the audio was increased go that the dynamic uicropho.ies gave an adequate
recording level the carbon headset would overdrive and Lhe voice was unintelli-
gible.

(2) Recomendations

85



(a) An investigation to determine the best microphones to use
in high ambient noise environment should be made. These
tests should involve noise cancelling and throat
microphones.

(b) nhe use of wireless microphone systems should be invest -

gated in terms of their apiicability to the VTR technique.

(c) The use of a small portable audio tape cecorder to acquire
voice and later dub it on the video tape is a wirkable
solution but requires more work.

(d) Care must be taken to match the input characteristics of
microphones so that VTR audio level will be reasonably
constant.

g. Headphones

(1) Assessment

The use of a headset to monitor the audio inputs is desirable to
allow the operator to control gain and microphone selection.

Originally we had tried Pome inexpensive plastic headphones but
found that they did not shield out the aubient noise, and they became very
uncomfortable within 15 to 20 minutes.

(2) Recommendations

(a) Use only dual earphones with foam ear cushions

(b) Provide a volume control on the set to allow operator to
adjust volume without cbanging audio level setting.

h. Video/Audio Junction Box

(1) Assessment

?he video/audio junctiun box was designed to meet the requirement
for a comon attachment for signal cables. It also served as a control for
microphone selection and video live or VTR. The structure takes the load off
the canera, monitor, and headset connectors. The attachment of this box to the
omunting blocks was effective and easily engaged and disengaged.

(2) Recomendations

(a) Provisions should be made for a common point of attachment
of all cabling at the camera station. Additional controls
can be instailed in such a unit.

(b) The video/audio junrtion box should be provided with quick
and effective mounting provisions.
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i. Monitor

(1) Assessment

The only reason for mounting a monitor on the cmera station ye
to provide video feedback. The sioe of the monitor, the monitor momting
bracket, and the space they occupy creates many problems.

When the monitor is used for playback, the larger esie units
have a distinct advantage. The controls on the Miratel monitor vere adequate.

(2) Recomotmdations

(a) Use video cameras that have a built-in monitor for recording.

(b) Use large moaitors for playback. This unit should be used
in a relatively dark room, or have an adequate glare shield
built onto it. A high ambient light level illuminates the
phosphor on the tube face and reduces picture contrast
and clarity.

J. Video Tape Recorders

(1) Asseasment

Both the Ampex Model 7000, and the Bell ard Hovell Model 2920
recorders were used in this study. The VTR cart was designed around the Ampex
recorder as well as the cabling configuration. Both recorders performd well.
The Ampex unit requl-ed replacment of t..j- guidea (they were beginning to
shred the tape).

The (: &aI.y ;--f ima"S n sound recorirfl was quite good. The
ATC ambers of the PSTE quickly learueý how to use bot', recorders. Moot of
the coments that ere applicable to the recorder -•A-e been stated in the pre-
,-ioua VTn sysat assessment and rccovnendatioxv section.

Some specific disadvantages are rhit these units required 115V,
60 H ground power and the; are heavy and cannot Se hAnd-carried very far.
They are not compatible except to electronically dupilcate or edit from one
machine to another.

A cow-lete' M system based on either the Ampex or Bell and
Howell recorder invcv va many items and interconnections and is therefore not
capable of immedia:e reaction. Five minutes is about the minimum preparation
time.

(2) Recommendations

(a) The effective utilixation of the VTR technique will depend
gr:-)!tly upon tho !tandardtzation of equipment ang the
Air Force uemands and offices, the contractors and vendors.
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Before a large mount of incompatible VTR equipment is
purchased, it is suggested that the aerospace industry and
Air Force form a committee to investigate this equipment
area, and formulate standards so that funds will not be
expended on equipment that has limited value.

(b) The manufacturers should be encouraged to develop equipment
that is compact, versatile, and capable of working under

poor lighting, high noise, and limited space conditions.

k. VTR Cart

(1) acessment

In order to compen3ate for the weight and complexity of the VTR
system it was necessary to develop a vehicle that would provide for operation,
transportation, and stowage of the equipment. This cart contributed greatly

to the effectiveness of the technique. The mobility of the system was greatly

superior to that of the earlier office supply carts. The provisions for

stowage and rapid access to system elements assured the operator that all
items were available and permitted fast assembly.

The VTR cart is quite heavy. However, it has been pulled along
flight lines and around hangars by one person. There is no doubt that the

weight could be drastically reduced through the selection of materials and
redesign. It is doubtful that many of the features could be eliminated, how-

ever. It should be remembered that the cart contains what amovnts to a complete

television and recording system. Additional pieces of equipment such as lights,

light and camera tripods, and the tripod dolly should be carried on the cart.

Tractors and trucks on Air Force Bases are generally available
for towing such a cart over long distances. This cart was towed 25-30 miles

over the ramps and taxi ways without a mishap or damage to the stowed equipment.

Since most of the hangars and shops were accessiblc via taxiways there was no
problem of impeding traffic.

(2) Recoimendations

(a) Large VTR recorders require a means of transportation and

stowage.

(b) The tricycle wheel arrangement of the cart used in this
study proved to be versatile. It is suggested that the

front vheel be doubled (but not spread apart). This would

reduce roll and still allow 360" steering.

(c) The resir wheel spacing allowed the cart to negotiate narrow
doorways and hallvays. However, the rear wheels should be
provided with a mechanism for extending them another foot
on each 3ide. This can be done with axles that can be

extended by swans of a screwjack'. This would provide
greater stability during towing.
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(d) The diameter of the wheels should be increased to 10 inches
to smooth out the ride over obstructions. The tires should
be pneumatic to absorb shock and to provide more clearance
between the bottom of the cart and the ground.

(e) The towing tongue should have a latch to hold it in the up-
right position when it is not being used.

(f) Provisions should be made in the cart for the stowage and
transportation of the tripod, dolly, and lighting equipment.

(g) The cart should be provided with cable reels for efficient
stowage and unreeling of the long power and cable reels.

(h) A slide out or fold down work table should be incorporated
into the cart to provide for paper work and minor repairs.

(i) A means of adjusting line voltage should be provided
because ground power way vary.

(j) There should be no projections from the sides of the cart
such as handles and connectors to create damage when passing
through doorways.

(k) An inve&tigation should be made into suitable power plants
that would make a cart self-sufficient and reduce cablint
requirements.

(1) The design of a VTR cart should emphasize weight reduction
while maintaining sufficient structural strength.

1. Lights

(I) Assessment

In the early part of this study a series of fixtures and lamps
were tested. The intensity, coverage, and lamp life were investiga~ed It
was apparent that good lighting was the key to good detail, depth of focus,
form and shape. The common floodlights, spotlights, and photofloods did not
possess the proper characteristics. The readily available fixtures were weak
and provided limtited control. It was decided to procure professional lighting
equipment. This decision was based upon discussions with VT! and TV lighting
specialists. The four lights performed very well and their use made a big
improvement in the quality of the recordings. The tripods were versatile blit
were subject to being pulled down if someone tripped on the power line.

All of the lighting equipment except for the tripods are trans-
ported and stored in two cases.
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(2) Recomendations

(a) Use professional lighting units whenever possible to provide
good contrast and detail.

(b) Tripods should be weighted vith sandbags or shot bags when
used in areas of heav) traffic.

(c) The lights should be plugged into a different fuse block
than the one used for the VTR system to prevent overloading
the circuit.



SECTION VI

SUN2AXT AND (ONCLUSIOr.S

The video tape recording technique as configured and applied in this study
should be regarded as an introduction of a ?STE techni,,e rather than a fully
developed technique. The potential uses of the VTR te-hniqie were recognized
by mset of test personnel who had an opportunity to assess it. It is evident
that for this technique to mature and be effectively utilized, more developmnt
and greater exposure vill be necessary. Very few people (leas than 5 percent)
who were eposed to this technique dýring the study had been previously aware
of the resolution that could be obtained, the ease of operation of the VTR, or
the methods of application. However, moet vere enthusiastic about its future

in the field of testing.

The use of the VT! technique wll be sumarized in terms of the original
selection criteria.

Will Objectively Measure Human Performance

The analyses of the video tapes resulted in the identification and quanti-
fication of many aspects of human performanze without requiring information
from the subjects. The data included: the time to perform a task, the
number of times a particular sub task was performed, a record of tf.sk
difficulty based on number of unsuccessful attempts, errors and error
rates, degree of devendency on T.O. procedures, degree of dependency on
supervision, and frequency and type of problem solving behavior.

Provide Data That is Useful to a System Telt Effort

Due to the lack of maintenance cctivity on the two selected subsystems,
nc answer is available in regard to the Category II test effort. How-
ever, use of the VTR on the AGM65A trials, F-4 Aircraft AMthro,-"tric

study, and Rockeye I1 bomb tests provided valuable information to the
test personnel, and to design engineers and support personnel.

Can Be Used Durinj Test Activities

The VT! equipment was used In hangar, flight line, shop and office areas.
The only limitation is the availability of adequate power.

Will Produce Minimum Interference With Test Activttige

The presence of the VTR equipment and the forn of its data are obvious
to those who are performing the tasks. There is little evidence that
this knowledge interfere with the task. In a few cases where the main-
tenance personnel woere required -o move to allow the camera L record
the task there was some slowing down of the task performance.
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The current PSTE techniques of questionaires ard checklists cnnsume time
but szldom result in useful data. The value of direct observation and
note taking is directly related to the knowledge and skill of the observer.
In addition, complex tasks involve too many actions to monitor and assess
in real time.

A task performed by an individual or a team will seldom be repeated in
the exact way it was performed the first time. With a recording the
effects of learning, and familiarization nan be ruled out or identified..
If one wanted to establish these effects, ho co,:.d ..ompare recordings,
made after classroom training, after on-the--Job training, and after six
months of experience.

Have a Potential of Being Frequently Used and Applicable to Many Subsystems

The aoplication of the VTR techmique in this study has demonstrated its
versatility and applicabilfty.

Will Be Based on the Technique as Being a PSTE Tool in Contrast to a
Research and Development Tool

The evidence obtained in this study indicates that tho VTR technique can
be used extensively in Lasting and research and developient.

Can Be Used By Test Personnel Without Extensive Training

The Air Training Command personnel and MDC Engineering Psy,•ho~ogists were
able to operate the VTR equipment after one day of training. Proficicncy
in the use of this technique to collect PSTE data requires additional
knowledge but this is primarily in the area of human engineering.

Will Generate Data That is Usable by SPO's. Contractors, and the Air
Force Commands

The VTR data collected 4 n this otudy was used by the contractors, AFSC,
ATC, and TAC. The primary deterrent to wider data utilization was the
lack of playback equipment in the Air Force, contractor, and vendor
facilities.

Will Be Adaptable to a Fast Reaction Situation

The i•odified VTR equipment could be put in operation within 5 minutes

at the F-4E Category II test site. When the camera station equipment
was stowed in the VTR cart, the setup time was extended to 25 minutes.
The use of sma i battery powered VTR'q would permit response to the most
•gent situations.

Will Pruvidc Results T'hat Have Operattonal Significance

The VTR dat. -ollected during this study on several weapons loadings
possessed operational impiications. The recording or the trials involving
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the R & D missile loading typify the points at which the VTR technique
should be used to predict the weapons' impact on operational unite.

The utilization of the VTR technique should be directed toward now system
and subsystem development, and be employed during development from conceptual
studies to operational use. The VTR should be rzgarded as i valuable new tool
but not as a cure-all.

An important role for this technique is beginning to be recognized. Task
analysis is the foundation for most of the PS elements. The VTR technique
provides for a reproduction of tasks. Although dasign engineers, test angi-
neets, and many others involved with system design and development may make
little use of task analysis, it is obvious that task performance data is basic
to many disciplines. Therefore, by providing a comon data base in a form that
can be quickly and accurately assessed, it is conceivable that design can be
accelerated, problems reduced, and data for the preparation of training and
T.O.'s provided earlier.

The point in time at which a task can be evaluated is important. If the
task can be evaluated early through the use of mock-ups, simulations, and
prototype equipment there is a good chance that problems identified before
production can be rectified.

A design engineer has to deliver a functioning piece of equipment by a
certain date, within a specified budget, and it must conform to weight, size,
and various other physical Lnnstraints. These requirements put considerable
stress upon the development stage. Those personnel who are responsible for
AGE design, training, T.O.'n, personnel subsystem elements, training equipment,
reliability and logistics are to a great extent dependent upon the AVE equip-
ment design. The most valuablc inputs to design are those that are clearly
defined and provided in the concept stage. But, during this stage transfer
of informntion among AVE engineering and the supporting groups 1i infrequent
and fragmentary. The VTR technique has the capability to improve .:his process
during system development.

The VTR technique is capa)le of documenting design process and equipment
performance, demonstrating compliance with specifications, and reporting
problems to the Air Force. One potential problem with the use of the VTR
technique for reporting is the fact that contractors may generally oppose the
exposure of problem areas. They way prefer to solve problems themselves with-
out unduly alarming the customer. To a certain degree, this is a justifiable
view for many of the equIpment probl.ams are solved before the first proluction
unit is delivered. But, generaliv not all problems are solved. This brings
up the question, "when does th- customer need to be Informed?" The sc(.,,
timing, and requirement for VrT data should be established irn the con'r.,.t
for the weapon system.

The use of the VTK for PSTE should be assigned Lo the human iactot:-
personnel. In this study, the results from trials in which the human f,•,:rorc
specialist directed the use of the VTR system were decidely interior t, t.,ose
in which the human factors specialist did the work himsel:. Tnhi sudgenn,
Ss based on the quality of the data on the tape.
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If the VTR technique were to be fully implemented in a PS program, some
method for selecting, reducing, and distributing the data would have to be
developed. The VTR has an inherent feature that would permit encoding and
decoding sections of the tape. The formulation of an adequate code and the
design of the equipment are areas that should be investigated.

The VTR data can be transmitted over closed circuit telephooe lines.
AFSC presently has a network of this type. The receiving stations may record
or view the data without recording. Most contractors have widely spread
facilities and a similar video network could provide Zor rapid communication
among the plants.

94



APPENDIX I

VIDEO TAPE RECORDING SYSTEM ASSEMBLY, OPERATION AND MAINTENANCE

INTRODUCTION

The procedures contained in this manual prepare the Video Tape Recording
System from a storage or shipping configuration to an operating configuration.
The procedures consist of the following sections: Reference Publications;
Precautions to be Observed; Unpacking and Preparation; Turn-on and Adjustment;
Operation; Shut-down; and Preventive Maintenance.

The Reference Publications section itemizes the commercial manuals that
support the come rcial components comprising the Video Tape Recording System.

The Precautions to be Observed section identifies various areas in the
Video Tape Recording System that, under certain conditions, are subject to
damage, and specifies the correct methods for avoiding the damage.

The Unpacking and Preparation section provides a parts inventory, unpack-
ing and assembly instructions, and equipment hook-up instructions.

The Turn-on and Adjustment section provides preliminary control settings
instructions, tape threading instructions, and equipment turn-on and adjustment
procedures.

The Operation section contains all procedures necessary to fully utilize
the Video Tape Recording System.

The Shut-down section provides instructions for partial or complete dis-
assembly, and storage, of the Video Tape Recording System.

The Preventive Maintenance section specifies certain components of the
Video Tape Recording System that require frequent attention, and provides the
necessary procedures for perf--zing maintenance on the components.
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SECTION I

REFERENCE PUBLICATIONS

1-1. GENERAL.

1-2. The following Is a list of publications supporting the various commer-
cial units that comprise part of the Video Tape Recording System:

a. Precision 700 Television Camera, Operation and Service Instruction
:tanual.

b. Video Tape Recorder, Model VR-7000, ArCIX Operating Manual.

c. Sony Cassette-Corder, Sony-satic TC-100, Ovner's Instruction Manual.
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SECTION 1I

PRECAUTIONS TO BE OBSERVED

2-1. GENERAL..

2-2. The following iaformation de- certain areas in the Video Tape Re-
ccrding System tbat are susceptible dmage, therefore requiring special
attention.

2-3. TV CAMERA.

2-4. To prevent damage to the TV Camera vidicon tube, do not point the c-
era at the sun or sunlight reflections (glare) at any time with the leas cap
removed. Ensure lens cap is installed at all times when cmera is not used.

2-5. To prevent damage to the vidicon tube caused by residue in the tube,
do not point the TV camera, lens down, at an angle exceeding 45 degrees from
the horizontal.

2-6. To avoid possible damage to circuitry in the TV Camera due to accidental
grounding, do not disconnect the video cable connected to the camera VIDEO
Jack while power is applied to the earners.

2-7. ILLUMINATION.

2-8. To prevent possible overloading of lines and fuses of the Video Tape
Recording System, connect illumination lamps to a 115 vac 60 cycle power
source separate from the system power.
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SECTION 1:1

UNPAMKINC AND PREPARATION

3-1, M .

3-2. Section 11, Unpacking and Preparation, provides a check of the avail-
ability of all components comprising the Video Tape Recording System. The
section also providta Instructions for eitting up the Camera Station coafig-
uretion and the Video Recorder.

3-3. See Figure :-I for a typical set-up of the Video Tape Recording System.
If video or video and audio are to be recorded, perform paragraph 3-7,
Preparation For Recording and Playback. If only playback or audio dubbing
is to be performed, perform paragraph 3-L5. Preparation For Playback or Audio
Dubbing Only.

3-4. PATS iv r .

3-5. All components and units comprising, the Video Tape Recording System
are shown and indexed in Figure 3-2.

3-6. Before beginnin$ assembly of the Video 'ape Recording System, check
for availability of all parts per Figure 3-2.

3-7. PEPARATION FOR RECORDING AND LTA.

NOTZ

Following procedure completely asembles
Video Tape Recording Systom for both re-
cording and playback (if only playback
or dubbing audio on video tape is desired
do not perform following ;ýrocedure -
proceed to paragraph 3-15, Preparation
for Playcack or Audio Dubbing Only.)

3-8. CA.MRA STATION PnEPARATION.

See Figure 3-3.

3-9. Cge rit .

a. Prepare tripod dolly (2) by placing hands on spreaders (aers with wheels
attached) such that spreaders vie" nct pinch hands egainst center piece,
and unfold spreaders. Play dolly wf.eelu dovn, on floor.
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I.CAME[RA STATION•

.TLEVg SION CAMTI

FIGURE 3-1 VIDEO TAPE RECORDING SYSTEM
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1. TELEVISION CART
2. VIDEO TAPE RECORDER (AMPEX MODEL VR-7000)
3. TAPE REELS(S)
4. W. ELECTRICAL CABLE
S. WlI ELECTRICAL CABLE
6. W6 ELECTRICAL CABLE
7. Wil ELECTRICAL CABLE
8. W12 ELECTRICAL CABLE
9. W13 EXTENSION CABLE

10. REMOTE CONTROL UNIT
T-SCREWS (2)

11. MAGNETIC TAPE HEAD CLEANER (SPRAY) (MS-200, MILLER-STEPHENSON CHEMICAL CO., INC.)
12. ISOFROPYL ALCOHOL
13. AMPEX HEAD CLEANER (P/N 010823)

14. DEMAGNETIZER (HD-6) (ROBINS INDUSTRIES CORP.)
15 WI ELECTRICAL CABLE
16. W2 ELECTRICAL CABLE
17. W3 ELECTRICAL CABLE
18. TIRE PUMP (NO. 1773) (BIG BOY PRODUCTS INC.)
19. MOUNTING BLOCK, SYSTEM POWER DISTRIBUTION BOX

SCREWS (2)
20. MOUNTING BLOCK, VIDEO/AUDIO JUNCTION BOX

SCREWS (2)
21. TOOL KIT

0. COAX CONNECTORS (4)
b. FLAT-HEAD SCREWDIVER, LARGE
c. PHILIPS-HEAD SCREWDRIVER
d. ADJUSTABLE WRENCH
e. PLIERS

I. COTTON SWABS
g. SHORTING PLUG, VIDEO TAPE RECORDER
h. FLAT-HEAD SCREWDRIVER, SMALL
i. X-ACTO KNIFE
j. ALLEN WRENCH SET
1,. TIRE PRESSURE GAUGE
. POWER CABLE ADAPTERS

a. ELECTRICAL TAPE
SOLDERING GUN
SOLDER

22. TV MONITOR
23. LENS CONTAINER
24. CAMERA LENS
25. VIDEO/AUDIO JUNCTION BOX
26. CAM'ERA MOUNT

PHILIPS-HEAD SCREWS(2)
27. SYSTEM POWER DISTRIBUTION B X
2. iLLUMINATION POWER DISTRIBUTION BOX
29. TV CAMERA (GPL PRECISION 700)
30. AUXILIARY AUDIO R-CORER (SONY-MATIC Tr.-100)
31. MICrOPHONE, AUXILIARY AUDIO RECORDER
32. HEADSET (MT-S22AiU) ROANWELL CORP.)
33. VIDEO RECOR.)ER aICROPHONES(2) (MODEL 420) (SHURE BROTHERS)
34. WA ELECTRICAL CABLE BUNDLE
35. 0S ELECTRICAL CABLE
36. W7 ELECTRICAL CABLE
37. W9 ELECTRICAL CABLE
38. ELECTRICAL CABLE RETAINER RINGS (4)

FIGURE 3-2 TELEVISION CART CONTENTS
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LOCKING

sP~e~,:R ( ."ROO L.VER/

CLI PS

MOUNTING
CLIP (REAR)

TRIPOD HANDLE
MOUNTING
FLANGE RUBBER GRIP

FLANGE

12 .

CLI LOLKING SCREW

1/2

HOLES (8)
MOUN TINGA
F LAN GE J

POWER CABLE

FIGURE 3-3 CAMERA STATION ASSEMBLY
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1. CAMERA TRIPOD (SAMSON MODEL 7301, QUICK-SET INC.)
2. TRIPOD DOLLY (SAMSON MODEL 601, QUICK-SET INC.)
3. CAMERA MOUNT

SCREWS (PHILIPS-HEAD) (2)
4. TV CAMERA (GPL PRECISION 700)
S. REMOTE CONTROL UNIT

T-SCREWS (2)
6. U-BOLTS (4)

WINGNUTS (8)
7. WI ELECTRICAL CABLE
6. TV MONITOR
9. MOUNTING BRACKET. TV MONITOR

10. MOUNTING BLOCK, SYSTEM POWER DISTRIBUTION BOX
SCREWS (2)

11, SYSTEM POWER DISTRIBUTION BOX
12. MOUNTING BLOCK, VIDEO/AUDIO JUNCTION BOX

SCREWS t2)
13. VIDEO/AUDIO JUNCTION BOX

FIGURE 3-3 CAMERA STATION ASSEMBLY
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NOTE

Ensure mounting bracket (9) is placed
under spreaders in following steps.

b. (Two men required). Position TV Monitor mounting bracket (9) under any
two spreaders on tripod dolly (2) with hinged section of bracket near
center piece of dolly. Insert four U-bolts (6) over spreader arms and
through bracket holes. Secure U-bolts with wing nuts and tighten.

c. On camera tripod (1) loosen lowest knurled knob that attaches supports
to center column, and separate tripod legs. If installed, remove pins
from muunting holes in dolly spreaders. Adjust tripod legs and fit
legs into holes on tripod dolly (2). Secure legs to dolly with pins.

d. Remove TV Monitor (8) from starage provision in Television Cart. Ensure
fan electrical plug is inserted in FAN socket at rear of TV Monitor.

e. Set following switches on rear panel of TV Monitor to indicate
positiona:

SWITCH POSITION

SYNC INT

TERMINATE OFF (if not last in a series of monitors)

ON (if last in a series of monitors)

f. Remove electrical cables Wl, W2, W3, and W4 from storage provision in
Television Cart.

g. Connect plug P1 of electrical cab ' Wl (7, Figure 3-3) to one of VIDEO
connectors on rear of TV Monitor u).

h. Ensure mounting bracket (9) is in horizontal position and locking
screw on strut is secured. Position power cable and electrical cable
Wl through opening in back of bracket (9), and place TV monitor on
bracket. Place bungee straps over TV monitor and secure straps to
bracket.

i. Loosen bolts on mounting blocks (10) and (12) and open blocks. Posi-
tion each block on tripod leg next to TV Monitor screen with wide
portion of mounting flange up (place both blocks on same leg, one
block positioned as high as possible with flange * --ing out, and other
block positioned midwa'7 with flange facing left.) Tighten bolts wlth
allen wrench.

. 1-istall Video/Audfo .unction Box (13) on tripod by inserting mounting
clip on back of box into mounting fiangt ov upper moun-ino block (12;.
Push nox down for firm. engagement.
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k. Repeat step j to install System Po•er Distribution Box (11) on lower
mounting block (10).

NOTE

If screws require any effort to turn in
following step, reverse position of
camera mount.

1. Place camera mount (3) on tripod by engaging pins and secure with two
screws.

CAUTION

To prevent damage to camera vidicon tube
caused by :esidue in tube, do not tilt camera,
lens down, at any angle exceeding 45 degrees.
Do not point camera at suu or sunlight reflec-
tions (glare) at any time with lens cap removed.
Ensure lens cap is installed over lens.

m. Remove TV Camera (29, Figure 3-2) from Television Cart by rotating jam
nut clockwise and sliding camera off holding flange.

NOTE

Ensure camera lens and faceplate are clean.
Refer to paragraph 7-7, Lens and Faceplate
Cleaning.

n. Unlock locking lever on camera mount (3, Figur, 3-3) by pulling lever
up. Position TV Camera (4) over mount on Camera Tripod (1) such that
camera is pointing away frc. tripod handle. Insert flange on bottom of
camera into clips on mount. Rotate locking lever up to secure camera
to mount.

NOTE

If Remote Control Unit is not to be used,
do not perform step o.

o. Unscrew Lee screws on Remote Control Unit (5) and open clasp. r'lact
unit close to rubber grip on tripod handle, and close clasp ovwr
handle. Tighton tee screws unatii unit cannot rotate on handle.
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NOTE

To avoid absence of television picture
upon turn-on, ensure plug P1 of cable
W2 is connected to VIDEO IN Jack in next
step.

p. (See Figure 3-4) Connect plug P1 of electrical Cable W2 to VIDEO IN
pack on TV Camera Video Level meter box. Connect plug P2 to VIDEO Jack
on TV Camera.

q. Connect plug P2 of electrical cable Wi to MONITOR Jack on Video/Audio
Junction Box.

r. Connect plug P1 of electrical cable W3 to VIDEO OUT Jack on TV Camera
Video Level meter box. Connect plug P2 to CANl Jack on Video/Audio
Junction Box.

NOTE

If Remote Control Unit is not to be used,
do not perform step a.

s. CAnnect plug F1 of electrical calbe W4 to electrical receptacle on
Remote Control Unit. Connect plug P2 to REMOTE CONTROL receptacle on
top of Video/Audio Junction Box.

t. (See Figure 3-4) Connect TV Camera and TV Monitor power cables to any
ac power receptacle on System Power Distribution Box.

u. (See Figure 3-1) Place Camera Station near maintenance task area.

v. Remove camera lens (24, Figure 3-2) from lens container (23) and install
on TV Camera (ensure lens cap is installed on lens).

w. If illumination of the scene to be televised to necessary, perform
Paragraph 3-10, Illumination.

3-10. Illumination.

NOTE

Obtaining a high quality TV picture with
the TV Camera involves effecting a com-
promise between the TV Camera TARGET con-
trol and lens aperture (f/number) control
settings according to ambient illumination
conditions. It illumination ia poor, a
large lens aperture (small f/number) im
needed to allow more light to strike the
camera vidicon tube. However, small
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AUXILIARY •

AUDIO
RECOkOFR P1

MONITOR -W 12-.

INI
[j> MICROPHONE TV

MONITOR

VIDEO

, P2<M "

AUDIOO
IN W1O

T ELEV! lOHVl DEORECORDER
CART PI P2 VIE P2

IiVCF D IlSVAC >l--WI I'' AC IN OUT
115VAC P 5 •w5 PI 60 CYCLE

60 - >- OR POWER REMOTI

POWER W6OUTLETS

SOURCE
PLUG

POWER-

CABLING INTERCONNECT FOR:
I. PLAYBACK ONLY
2. DUBBING AUDIO ON VIDEO TAPE

NOTES

fry. , 750 TERMINATION IF LAST OR ONLY MONITOR USED [ OPTIONAL EXTENSION CABLE

(MAY BE USED ON MIC I OR
SOPTIONAL MIC 2 JACKS)

[, HANGAR OR FLIGHT LINE 9> AUXILIARY AUDIO RECORDER

St SHOP OR OFFICE AREA NOT SHOWIN

5I CPTIONA•- EXTENSION CABLE • CONNECTED IF REMOTE CON-

•-?, MICROPHO$E AUDIO DUBBING TROL UNIT IS NOT US.ED

'T, AUXILIARY AUDIO RECORDER DUBBING .¾ CONNEr
T FD IF REMOTE CON.

TROL UNIT IS %-ED

FIGURE 3-4 CABLING INTERCONNECT
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f/number settings reduce depth of foc,,s
of the image. Also, the necessary TARGET
control voltage output is large (clockwise
rotation), which tends to cause noise (snow).
lag or smearing of moving objects, and
shading and corner flare.

If illumination is strong, a small lens
aperture (large f/number) is necessary to
decrease the light to the vidicon tube:
as a result, depth of focus is increased,
and the TARGET control voltage output can
be decreased (counter-clockwise rotation),
improving picture quality. Thus, the op-
timum conditions are as follows: good
illumination; small lens aperture (large
f/number); and TARGET control at maximu
counterclockwise position consistent with
picture quality.

CAUTION

To prevent possible overloading of lines
and fuses ')f Video Tape Recording System,
connect illumination lamps to 115 vac,
60 cycle power source separate from system
power.

a. Use illumination required for specific application. Generally, with an
f/l.5 lens, between 10 and 30 footcandles of illumination is necessary;
more if a slower lens is used.

b. (See Figure 3-4) lo connect illumination lamps, proceed as follows:
r-move electrical cable W9 from reel no. 4 on Television Cart; connect
Jack Jl of cable W9 to ac power input cable plug at bottom of
Illumination Power Distribution Box; and connect plug P2 to 115 vac,
60 cycle power source separate from system power.

c. Connect Illumination lmp(s) to ac power receptacle(s) on Illumination
Power Distribution Box.

3-11. VIDEO RECORDER PREPARATION.

3-12. Recorder. See Figure 3-1.

a. Place Television Cart between maintenance task area and 115 vac, 60
cycle power source.
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NOTZ

Do not remove large metal retainer ring
from cable reel until cable is to be un-
reeled. (Aeplace retainer rings on empty
reels.) To allow cabl: reel to rotate,
pull up and rotate locking pin to either
side until pin moves up into catch. If
hangar or flight line maintenance task
is to be recorded, use electrical cable
W5 (step b). If recording occurs in shop
cr office area use electrical cable W6
(step c).

b. (Hangar or flight line only) Remove retainer ring from reel no. 1 and
unreel electrical cable W5.

c. (Shop or office area only) Remove electrical cable W6 from storage
provision in Television Cart.

d. (See Figure 3-4) Connect plug Pl of electrical cable W5 or W6 to ac
power input receptacle on right side of Television Cart (do not
connect plug P2 to power source at this time).

e. Remove retainer ring from reel no. 3 and unreel electrical cable W7.

f. Connect plug Pl of electrical cable W7 to ac power receptacle on right
side of Television Cart. Connect Jack J2 of electrical cable W7 to ac
power input cable plug at bottom of System Power Distribution Box.

g. Remove retainer ring from reel no. 2 and remove electrical cable bundle
Va.

h. Connect plug P1 of cable bundle W8 to VIDEO OUT Jack on bottom of
Video/Audio Junction box. Connect plug ?2 to VIDLO IN Jack, plug P3
to AUDIO IN lack, and plug P4 to AUDIO OUT Jack. If Remote Control
Unit is to be used, connect plug P5 to REMO)TE OUT Jack.

NOTE

If Remote Control Unit is not to be used
and is not connected to Video Tape Recording
System, install shorting plug in REDHTM
Jack on rear panel of Vidfo Recorder.

i. Connect plug P6 of cable bundle WS to VIDEO IN Jack on Video Recorder
rear panel. Connect plug P7 to VIDEO OUT Jack. plug PS to AUDIO OUT
Jack, and plug P9 tc AUDIO IN Jack. If Remote Control Unit is to be
used, connect plug P10 to R[EMTE Jack.
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J. Connect plug P1 of electricAl cable 1111 to Television Cart sc power
receptacle. Connect plug P2 to Video Recorder AC IN receptarle on
rear panel.

k. If illumination of maintenance task area is desired, refer to Paragraph
3-10. Illumination, for requirements and procedure.

1. If extra TV monitoring c4vohility Is desired, r--ove electrical cable
WIO from storage provision IL Television Cart and connect plug P1 of
cable W110 to video input of extra monitor. Set Camera Station TV
Monitor TERMINATE witch to OF. Set switch on rear of extra mocitor
to 75 ohm iperdance. Connect piug P2 of cable W110 to VIDEO connector
at rear of Camera Station TV Monitor.

m. If audio it to be recorded vhile video is record"d, perform Paragraph

3-13, Headset, or Paragraph 3-14, Mlzrophonai.

3-13. Headset.

a. Remove headset fro* ntorage provision in Television Cart. Set witch
on headset to off position to preve'it depletion of battery in Video/
Audio Junction Box.

b. Attach headset plugs to HEADSET jacks on Video/Audio Junction box
'jacks are of different sizes and cannot be incorrectly engaged).

3-14. 1Microphones. See Figuze 2-5.

MOTE

A maximia of two wicrophones may be used
vith the Video Tape Recording System,
depending on need. The folloving proce-
dure pertains to both microphones.

a. Remove Video Recorder microphone from storage provision in Televition
Cart. Attach microphone plug to MIC 1 or .nIC 2 Jack on Video/Audto
j*unction Box. (If .Xsire,, extension cable W13 say be used to exierd
length of cabling between one m.icrophone and Video/Audio Junction
lox.)

3-15. PREPARATION FOR PLAYBACK OR AUDIO DLTSBI14 ONfLY.

Folloving procedure assentles Video Tape
Recording Systm in a comahct configur3-
tion for playback only or for dubaing audio
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nn video tape containing previously
recorded video.

TV monitor as referenced in following
steps may be any available television
set or V-deo Tape Recording System
IV Monitor (removed from Camera Station).

a. Place TeY vision Cart and TV monitor in ar-: equipped with 115 vac,
60 cycle power source.

NOTE

Do not remove large metal retainer ring
from cable reel until cable is to be un-
reeled (replace retainer rings on empty
reels.) To allow cable real to rotate,
pull up and rotate locking pin tu either
side until pin moves up into catch. If
hangar or flight :ire area I s to be used,
use power cable W5 (step b). If shop or
office area is to be used, use power cable
W6 (step c).

b. (Hangar or flight line only.) Remove retainer ring from reel no. 1
and unreel electrical cable W5.

c. (Shop or iffice area only.) Remove electrical cable W6 from storage
provivion in Telev'sion Cart.

d. (See Figure 3-4.) Connect plug PI of electrical cable W5 or W6 to
power Input receptacle on right side of Television Cart (do not connect
plug P2 to power source at this time).

e. Connect plug P1 of electrical cable Wll to Television Cart ac power
receptacle. Connect plug P2 to Video Recorder At, IN receptacle on
rear panel.

f. Remove electrical cable W10 from storage provision in Television Cart.
Connect P1 of cable WI0 to video input of TV monitor. Set switch on
rear of TV monitu- :o 75 ohm impedance. Connect plug P2 to VIDEO OUT
Jack on rear panel of Video Recorder.

g. Connect shorting plug to REMOTE Jack on Video Recorder rear panel.

h. If microphone is to be used to dub audio on tape previously used to re-
cord video, remove Video Recorder microphone from storage provision in
Television Cart. Connect microphone to AUDIO IN Jack on Video Recorder
rear partel.

1.1.6



i. If Auxiliary Audio Reccrder is to be used to dub audio on tape previous-
ly used to record video, remove Auxiliary Audio Recorder (30, Figure
3-2) and electrical cable W12 (8) from storage provision in Television
Cart. (See Figure 3-4) Connect plug P1 of electrical cable W12 to
Auxiliary Audio Recorder MKNI'TOR Jack. Connect plug P2 to Video Re-
corder rear panel AUDIO IN Jack.
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SECTION IV

TURN-ON AND ADJUSThENT

4-1. GENEiAL.

6-2. Section IV, Turn-on and Adjustment, provides location, description, and
preliminary settings of various controls and indicators of the Video Tape
Recording System, also preliminary adjustments and power application proce-
dures. The section is comprised of the followLng procedures: Controls
Preliminary Settings; and System.

4-3. The Controls Preliminary Settings procedure should be performed either
wholly or in part, depending on whether a complete system or a partial (com-
pzct) system configuration is used, before any portion of the System proce-
dure in performed.

4-4. The Systen procedure consists of the following: Threading Tape on Video
Recorder; Application of Power to System; Camera Turn-on and Adjustment; and
Video Recorder Turn-on and Adjustment.

4-5 CONTROLS PRELIMINARY SETTINGS.

CAUTION

To prevent damage to Video Tape Recording
System, perform following procedures be-
fore applying power to the system.

4-6. See Figure 4-1 for operating controls and iadicators (also connectors
and fuses) for TV Camera, TV Monitor, Video Recorder, Video/Audio Junction
Box, and Television Cart. See Figure 4-2 for description of controls and
indicators (also connectors and fuses).

4-7. Set following Video Tape Recording System controls to indicated
positions:

CONTROL POSITION

TV Camera

ON-OFF switch OFF

BEAM control fully ccv

TARGET control fully ccw

FOCUS control centered
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FIGURE 4-1. CONTROLS, INDICATORS, CONNECTORS AND FUSES
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UNIT N4DEX CONTROL/INDICATOR/ POSITION/ FUNCTION
No. CONNICTOR/FUSE INDICATION

TV CAMER 1 FOCUS VARIABLE .`,CUSES LENS TO PRESENT SHARP IM)G-

LENS TO VIDICON TUBE.

2 FOCAL LENGTH VARIABLE ADJUSTS FOCAL LENGTH FOR NEAR OR
FAR SUBJECTS.

3 APERTURE VARIABLE ADJUSTS APERTURE TO ALLOW SMALL OR
GREATER QUANTITIES OF LIGHT TO STRIKE
VIDICONt TUBE.

TV CAMERA 4 BEAM CONTROL VARIABLE ADJUSTS CONTROL CRID VOLTAGE ON

REAR PANEL VIDICON TUBE TO L SEN OR INTENSIFY
VIDEO IMAGE BRIGA1TNESS.

S TARGET CONTROL A(FULLY CCW) ALLOWS AUTOMATIC CONTROL OF VOLT-
AGE SUPI-LIED TO VIDICON TARGET.

VARIABLE (FROM ALLOWS MANUAL CONTROL OF VOLTAGE
FULLY CCW TO SUPPLIED TO VIDICON TARGIrT.
FULLY CW)

6 FOCUS CONTROL VARIABLE FOCUSES VIDEO IMAGE ON VIDICON TUBE.

INDICATOR

7 POWER LAMP ILLUMINATED. INDICATES ON-O FF SWITCI" IS SET T0¶3NH
AND POWER IS APPLIEr TO TV CAMEPA

EXTINGUISN4ED INDICATE "ON-OFF" SWITCH1 IS SET TO
-01 e" AND POWER IS REMOVED FROM
TV CAMERA

CONNECTOR

9 VIDEO JACK PROVIDES VIDEO SIGNAL OUTPUT

CONTROL

9 ON-OFF SWITCH ON APPLIE ' C(RICAL POWER TO TV

CAMERAtPOWE LAMP ILLUMINATES).
OFF REMOVES ELE.CTRICAL PCWER FROM TV

CAMERA (POWER LARP EXTINGUISHES)

FUSE

10 1/2 A SLO-BLO PROVIDES ELECTRICAL P.ZTECTION
TO TV CAMERA POWER SUPPLY.

CONNECTOR

11 VIDEO IN JACK PROVIDES VIDEO SIGNAL INPUT TO VIDEO

LEVEL METER, FROM TV CAMERA

12 VIDEO OUTJACK PROVIDES VIDEO SIGNAL OUTPUT TO VIDEO
AUDIO JUNCTION BOX CAM JAC)N.

INDICATOR

13 VIDEO LEVEL 0-1.0 VOLTS INDICATES PEAK AMPLITUDEOF TV

METER CAM ERA VIDEO SI GNAL OUTPUT.

FUSE

VIDEO t4 5 AMP
RECORDER
REAR PANEL 15 1 AMP SLO-BLO

FIGURE 4-2 DESCRIPTION OF CONTROLS, IHDICATORS, CO"IECTORS AND FUSES
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UNIT INDEX CONTROL/INDICATOR/ POSITION/ FUNCTION
NO. CONNECTOR'FUSE INDICATION

CONTROL
16 CHAN ADJ CONTROL VARIABLE (NOT NORMALLY USEDWITHVIDEO TAPE

(USE SLOTTED RECORDING SYSTEM) ADJU.STS CARRIER
PLASTIC TOOL) FREQUENLY OF MODULATOR OUT JACK

FOR CHANNELS 2 THORUGH S ON TV
MONITOR.

CONNECTOR

17 MODULATOR OUT JACK (NOT NORMALLY USED WITH VIDEO TAPE
RECORDING SYSTEM) CONNECTS TO TV
MONITOR ANTENNA TERMINALS. PROVIDES
30 MV FOR TV MONITOR CHANNELS 2
THROUGH S.

18 VIDEO 1i1 JACK ACCEPTS VIDEO SIGNALS FOR RECORDING,
FROM VIDEO/AUDIO JUNCTION BOX VIDEO
OUT JACK.

19 VIDEO OUT JACK PROVIDES RECORDED VIDEO SIGNALS FOR
PLAYBACK, TO VIDEO/AUDIO JUNCTION
BOX VID!rO ;A JACK (OR TO TV MONITOR
DURING PLAYBACK ONLY OR AUDIO DUBBING)

2 AUDIO OUT JACK PROVIDES RECORDED AUDIO SIGNALS FOR
PLAYBACK, TO VIDEO/AUDIO JUNCTION BOX
AUDIO IN JACK

21 AUDIO iN JACK ACCEPT5 AUDIO SIGNALS FOR RECORDING,
FROM VIDEO/AUDIO JUNCTION BOX.

22 REMOTE JACK PROVIDES CONNECTION TO REMOTE JACK ON
VIDEO/AUDIO JUNCTION BOX. IF ONLY PLAY-
BACK OR AUDIO DUBBING IS PERFORMED. A
SHORTING PLUGIS INSTALLED. IF ELECTRI-
CAL PLUG OR SHORTING PLUG IS NOT IN-
STALLED, FRONTPANEL SWITCHES(PUSH
BUTTONS) W'LL NOT FUNCTION.

23 SPEAKER JACK (NOT NORMALLY USED WITH VIDEO TAPE
RECORDING SYSTEM) CONNECTS TO EXTERNAL
SPEAKERS. OUTPUT IS '.ONTROLLED BY
AUDIO OUTPUT SELECTOR SWITCH (INDEX
NO. 24)

CONTROL
24 AUDIO OUTFUT SPKR ViOEO RECORDE1 INTF.RAIAL SPEAKER ONLY.

SELECTOR SWITCH

LINE & 5PKR (NOT NORMALLY USEDWITH VIDEO TAPE
RECORDING SYSTEM) EXTERNAL SPEAKER
WITH 600 OHM BALANCEDOR UNBALANCED
LINE, AND INTERNAL SPEAKER.

LINE (NOT NORMALL Y USED WITH VIDEO TAPE
RECORDING SYSTEM) EXTERNAL SPEAKER
WITH 600 OHM BALANCED OR UNBALANCED
LINE. INTERNAL SPEAKER IS DISABLED.

CONNECTOR

25 AC - IN RECEP- I15 VAC 60 CYCLE INPUT POWER
TACLE RECEPi'ACLE.

FIGURE 4-2 DESCRIPTION OF CONTROLS, INDICATORS, CONNECTORS AND FUSES (Continued)
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UNIT INDEX CONTROLAINDICATOR/ POSITION, FUNCTION
_NO. CONNECTOR/FlJSE INDICATION

CONTROL

VIDEO 26 REWIND - sroP REWIND VIDEO RECORDER RAPIDLY REWINDS TAPE
RECORDER - FORWARD FWOM RIGHT TO LEFT, TOWARD BEGINNING
FRONT SWITCH OF TAPE. SWITCH MUST SE SET TO STOP TO
PANEL HALT REWIND. (S STOP SWITCH IS NOT EF.

FECTIVE)
STOP HALTS REWI4DOR FORWARD MODES. SWITCH

MUST BE SET TO STOP BEFORE RECORDING
OR PLAYBACK IS POSSIBLE.

FORWARD RECORDER RAPIDLY MOVES TAPE FROM
LEFT TO RIGHT, TOWARD FINISH OF TAPE.

SWITCH IU'-T BE SET TO STOP TO HALT
FORWARD MODE (S STOP SWITCH ISNOI
EFFECTIVE).

27 READY-THREAD READY ALLOWSNORMAL OPERATION OF VIDEO
RECORDER.

THREAD EXTRACTS TAPE GUIDE FROM HEAD DRUM
TO ALLOW THREADINGOFTAPE. VIDEO

RECORDER WILL NOT OPERATE.

INDI CATO0R

28 CuUNTER (THREE- PROVIDES COUNTER REAUING/TIME INICA-
DIGIT) TION (SEE FIGURE 5-1 FOR TABLE) DURING

RECORDING, FLAYBACK, FORWARD AND RE.
WID MODES, AND PROVIDES TAPE LOCATION
INDEXING OF SPECIFIC RECORDED INFORMA-
T ION.

CONT ROL

29 POWER SWIT0H OFF REMOVESPOWER FROM VCDEO RECORDER

ON APPLIES POWER TO VIDEO RECORDER

INDICATOR

30 PILOT LAMP ILLUMINATED INDICATES POWER SWITCH IS SET TO "ONH"

EXTINGUISHED INDICATES POWER SWITCH IS SET TO "OFF"

CONTROL

31 S STOP SWITCH PRESS 70 STOPS VIDEO RECORDER FROM RECORDING
ACTIVATE OR PLAYBACK (DOES NOT STOP RECORDER

WHEN REWIND-STOP-FORWARD SWITCH IS IN
REWIND OR FORWARD POSITIONS)

32 P PLAY SWITCH PRESS TO INITIATES PLAYBACK OF RECORDED VIDEO
ACTIVATE AND OR AUDIO (AUDIO AND VIDEO LEVERS

MUST BESETTO PLAY)

33 VIDEO LEVER RECORD (AUDIO LEVER AUTOMATICALLY GOES TO
RECORD) ALLOS ACTUATION OF R RECORD
SWITCH FOR INITIATION OF VIDEO OR VIDEOr

AUDIO RECORDING (VIDEO LEVER MUST BE SE1
TO PLAY DURINGDUBBING OF AUDIO ONLY)

PLAY (1) ALLOWS ACTUATION OF P PLAY SWITCH
FOR AUDIO ANO'OR VIDEO PLAYBACK

(AUDIO L.EVER MUST BE SET TO PLAY)
(2) PREVENTS ERASING OF VIDEO INFORMA-

".ION CUWING DUBBING OF AUDIO ONLY.

FIGURE 4-2 DESCRIPTION OF CONTROLS, INDICATORS, CONNECTORS AND FUSES (Continued)
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UNIT INDEX CONTROL/INDICATOR/ POSITIOr2/ FUNCTION
NO. CONNECTOR/FUSE INDICATION

34 AUDIO LEVER RECORD ALLOWS ACTUATION OF R AECORD SWITCH

FOR INITIATION OF RI CORDING AUDIO ONLY.

PLAY (ViDEO LEVER MUST ALSO BE SET TO PLAY)
ALLOWS ACTUATION OF P PLAY SWITCH FOR
AUDIO AND VIDEO PLAYBACK.

1NDICATOR

33 RECOROL iMP ILLUMINATED VIDEO RECORDER IS IN RECORD MODE (VIDEO
LEVER ANDAUDIO LEVER, OR AUDIO LEVER
ONLY, ARE SET TO RECORD).

EXTINGUISHED VIDEO RECORDER IS'AOTIN RECORDMODE.

CONTRO'.

36 R F. ECORD SWITCH PRESS TO INITIATES RECORlDING VIDEO AND AUDIO
ACTUATE IF VIDEO LEVER IS SET TO RECORD, OR AUDIO

ONLY IF AUDIO LEVER IS SET TO RECORD.

AUDIO OUTPUT VARIABLE ADJUSTS AUDIO OUTPUT FOR INTERNAL

LEVEL CONTROL SPEAKER, EXTERNAL SEAKER, OR
HEADPHONE. C

U TRACKING CONTROL VARIABLE ADJUSTS FOR STABLE PICTURE, DURING
PLAYBACK ONLY, OBTAINING A MAXIMUM
INDICATION ON VIDEO METER (SWITCH IS
INOPERATIVE DURING RECORDING).

INDICATOR

39 VIOEO METER 0 TO 100% INDICATES VIDEO LEVEL (100% ON WHIT I
PICTURES) DURING RECORDING WHEN TRACK-
ING AND RECORDLEVEL VIDEO CONTROLS
ARE PROPERLY ADJUSTED.

40 AUDIO METER 0 TO 100% INDICATES 100% ON PEAK AUDIO LEVELS
WHEN RECORDLEVEL AUDIO CONTRCL IS
PROPIRLY ADJUSTED.

CONTROL

41 RECORD LEVEL VARIABLE ADJUSTS VIDEO LEVEL DURING RECORD-

VIDEO CONTROL ING TO OBTA:4 100% INDICATION ON
VIDEO METER.

42 RECORD LEVEL VARIAALE ADJUSTS AUDIO LEVEL DURING RECOP.D-

AUDIO CONTROL ING TO OBTAIN 100% INDICATION ON
AUDIO METER-

43 AUDIO INPUT MICROPHONE ALLOWS RIECORDINGOF AUDIO DURING
SWITCH RECORDING OF VIDEO, OR AUDIO DUB5ING

ON TAPE CONTAiINING PREVIOUSLY RE-

CORDED VIDEO. USING MICROPHONE CON-
NECTED TO AUDIO IN JACK ON REAR PANEL.

BALAHCED ALLOWS USE OFPROPERI-Y TERMINATED

LINE INPUT 104TO VIDEO RECORDER.

UNBALANCED ALLOWSUSE OF IMPROPERLY TERMINATED

LINE INPUT INTO VIDEO RECORDER.

44 TENSION CONTRC'L VARIABLE ADJUSTS HOLDSACK TENSION, DURING
PLAYBACK ONLY. FOR MINIMUM PULLING OF

'.FFTOR RIG04T TOP OF ROSTER VIEWED

ON TV MONITOR.

CONIEC'VOR

4 H MEADrIIONE JACK ALLOWS MONITORING OF AUDIO INPUT INTO

Vl'EO RECORDER TO CHECK FOR UNWANTED

I ACCOUSTIC FEEDBACK.

FIGURE 4-2 DESCRIPTION CF CONTROLS, INDICATORS, CONNECTORS AND FUSES (Coetinwei)
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UNIT NDEX CONTROL 'INDICATOR/ POSITION/ FUNCTION

NO. CONNECTOR'FUSE INDICATION

CONTR9JL

T,, MONITOR 46 H HOLD VARIABLE ADJUSTSTV PICTUREHORIZONTAL

FRONT POSITION.

PANEL 47 FOCUS VARIABLE FOCUSESPICTURE TUBE ELECTRON REAM.

48 CONTRAST(OFF-ON) OFF(FULLY REMOVES POWER FROM TV MONITOR

cc W)

ON(ROTATE C r) APPLIESPOWER TO TV MONITOR

CONTRAST VARIES TV PICTURE CONTRAST.

(VARIABLE FROM
FULLY CCW TO
FULLY CV)

49 BRIGHT VARIABLIE VARIES TV PICTURE BRIGHTNESS

50 V HOLD VARIABLE ADJUSTS TV PICTURE VERTICAL POSITION.

CONNECTOr

TV MONITOR 51 VIDEO !LEFT ACCEPTS VIDEO SIGNAL INPUT FROM

REAR OR RIGHT) VIDEO'AUDIO JUNCTION BOX.

PANEL
CONTROL

52 TERMINATE ON (LEFT) APPLIES 75 OHM TERMINATION TO

VIDEO INPUT LINE

OFF (RICHT) REMOVES 75 OHM TERMINATION FROM

VIDEO INPUT LINE.

53 sYNC EXT (NOT NORMALLY USED WITH VIDEO TAPE
RECORDING SYSTEM) ALLOWS EXTERNAL
SYNCHRONIZATION PULSES TO CONTROL

TV PRESENTATIOH ON TV MONITOR

INT ALLOWS TV MONITOR INTERNAL SYNCHRONI-

ZATION PULSES TO CONTROL TV PRESENTA-

TION.

CONNECTOR

54 SYNC (NOT NORMALLY USEDWITH VIDEO TAPE

RECORDING SYSTEM) ACCEPTS EXTERNAL
SYNCHRONIZATION PULSES.

55 FAN (NORMALLY CONNECTED) 115 VAC 61

CYCLE POWER TO COOLING FAN.

FUSE

56 LINE FUSE 3 AMP PROVIDES ELECTRICAL PROTECTION TO

TV MONITOR POWER SUPPLY.

CONN ECT fR

VIDEO AUDIO 57 REMOTE CONTROL ACCEPTS _ONTROL SIGNALS FROM REMOTE

JUNCTION RECEPTACLE CONTROL UNIT R, S AND P SWITCHES.

BOX TOP SIGNALS ARE THEN PASSED TO VIDEO RE-

CORDER REMOTE JACK.

541 CAM JACK ACCfPTS VIDEO SIGNAL FROM

VIDEO OUT JACK ON 'V CAMERA

VIDEO LEVEL METER BOX

VIDEO auDIo s! MtC I JACK ACCEPTS AUDIO. FPROM MICRO.PHO4E OUR.

JUNCTION I46, VIDEO AUDIO RECORDING .mt.C SELECT

BOX FROWIT SWITCH MUST BE SET TO MIC 1)

L&

FIGURE 4-2 DESCRIPTION O CONTROLS, INDICATORS, CONNECTORS AAD i:USES (Co!tinved)



INDEX CONTROL/INDiCA fOR/ POSITION/
UNIT NO. CONECTOR/FUSE INDICATION FUNCTION

60 I1C 2 JACK ACCEPTS AUOIO FROM MICROPHONE DURING
VIDEO '.UDIO RECORDING (MIC SELECT
SWiTCH klUS', BE SET TO M'C 2)

61 HEADSET J.ACKS (2) ACCEPTS AUDIO FROM MICROPHONE GHN HEAD-
SET DURING VIDFO/AUDIO RECORDING
(MIC SELECT SWITCH MUST SE SET TO HEAD-

SET).

62 MONITOR JACK PROVIDES VIDEO SIGNAL FRO,4 TV CAME:RA
OR VIDEO RECORDEk TO '(V MONITOP (OUT-
PUY fEPENDS ON SETTING OF VIDEO SVI rC4.
SEE INDEX NU. 63).

CON. ROL

63 VIDEO SWITCH MiON DURING TV CAMERA AOJUJSTMENT. PASSES
VIDEO SIGNAL FROM CAMERATO TV
MONITOR ONLY.

MON & VTR 0) DURING RECORDINGOF VIDEO. PASSES
VIDEO SIGNAL FROM TV CAMERA TO TV
MONITOR AliD VIDEO RECORDER.

(2) DURING Pi AYBACK CF RECORDED VIDEO,
PAS•ES VIDEO SIGNAL FROM VIDEO

RECORDER TO TV MONITOR.

64 MIC SELECI SWITCH MIC 1 SELECTS MIC I JACK FOR AUDIO INPUT TO
VIDEO RECORDER.

MIC 2 SELECTS MIC 2 JACK FOR AUDIO INPUT TO
VIVEO RECORDEF.

HEAISET SELECTS HEADSET JACKS FOR AUDIO INPUT

TO VIDEO RECORDER.

CGNN ECTOR

VIDEO AUDIO 65 AUDIO OUT JACK PROVIDES AUDIO OUTPUT SIGf4ALS FROM
JUNCTION MICROPHONES OR HEADSET TO AUDIO IN
BOX BOTTOGA JA.CK ON VIDEO RECORDER.

66 AUDIO IN JACK ACCEPT' AUDIO OUTPUT SIGNAL FROM VIDEO

RECORDER ANDPASSES SIGNAL TO HEAD-
SET EARPHON,"S.

67 REMOTEOUT JACK PROVIDES :ONTROL SIGNALS, FROM REMOTE

CONTROL UNIT R S, ANDP SWITCHES, TO
RE,4OTEJACK ON VIDE" RECORZER.

64 VIDEC; OUT JACX PROVIDES VIDFO SiC4,ALS FROM T)# CAMERA
TO VIDEO RECORDER VIDEO IN JACK.

69 VIDEO IN JACK ACCEPTS RECORDFP; "- GN . U-.ALý -OR

PLAYRACJ( FROX VIDP - R-_O•.El.. T 0
TV MONITOR

TELEV7SON 70 I1S V1 ,C 60 CYCL. 1 RO? DE COR ECTED PC WE p4jTP'!T 10
CART RfAR POWER EXTRA TV MONITOR POWERDITR;8liT,3JN

RECE
0

TACLEIC I8'OX AND VIDEO RECORDER

Y 1 : AC C CCL E PROVIDES POW!R C3NN[CT!ON O- ;TE i
OW F R IPN'L.t TO ,'ERNAL PO'WER !OURCE

!v CAPT RECEPT..A I:C).CATE;PCWEK7A'4•DiC ATQI
SV CAD T "2VOLTS Mf'rfV 7!3• VOL'• -S ,i 4 A E D'• • A "u' • , IE

1CGP T VA A: LE ')DEX Ns CO'RECT.' 7t :3.- ED
SIDE FO IO !SCATS. 5CONN Y AC T PO F. q

FIGURE 4-2 DESCRIPT!QN OF ý'DNTROLS, IN~iCATCrXS, CýONNECTORS AND FU;S



T NDEX CONTROL INDICATOR POSITION F
UNIT NO. CONNECTOR FUSE INDICATION FUNCTION

CONTR
73 POWOEP STAT VARIABLE ADJUSTS INPUT 115 VAC 60 CYCLEPOWER TO

CON7,ROL CORRECT FOR FLUCTUATION. CORRECTED
OUTPUT IS INDICATED ON VOLTS METrR AND
APPLIED TO 115 VAC 60 CYCLE POWER Rc.
CEPTACLES (4) ON TELEVISION C.RT.

REMOTE 74 R SWITCH PRESS TO INITIATES RECORDING VIDEO AND AUDIO Ir
CONTROL. ACTUATE VIDEO RECORDER VIDEO LEVER IS SET TO
UNIT RECORD, OR AUDIO ONLY IF RECORDER AUDIO
FRONT LEVER IS SET TO RECORD.

75 S SWITCH PRESSTO STOPS VIDEO RECORDER FROM RECORDING
ACTUATE OR PLAYBACK (DOES NOT STOP RECORDER

WHEN RECORDER REWIND-STOP-FORWARD
SWITCH IS IN REWIND OR F"RWARD POSITION)

74 P SWITCH PRESS TO INITIATES PLAYBACK OF RECORDED VIDEfl
ACTUATE AND *OR AUDIO (VIDEO RECORDER AUDIO AND

VIDEO LEVERS MUST BE SET TO PLAY).

INDICATOR

77 R LAMP (RED) ILLUMINATRD INDICATES R SWITCH IS ACTUATED AND VIDEO
I RECORDER IS RECORDING.

EXTINGUISHED INDICATES R SWITtlH ISNOT ACTUATEDOR
VIDEO RECORDER IS NOT RECORDING.

78 P LAMP (WHITE, tLLUMINATED I"DICATES P SWITCH IS ACTUATED AND
VIDEO RECORDER IS IN PLAYBACK MODE.

EXTINGUISHED INDICATES P SWITCH IS NOT ACTUATEOOR
VIDEO RECORDERIS NOT IN PLAYBACK MODE.

CONNECTOR

REMOTE 79 ELECTRICAL PROVIDES REMOTE CONTROL SIGNALS TO
CONTROL RECEPTACLE YIDEO AUDIO JUNCTION BOX, WHICH ROUTES

UNIT TOP SIGNALSTO VIDEO RECORDER.

ILLUMINA. 80 115 VAC 60 CYCL E PROVIDE POWER OUTPUT TO ILLUMINATION
TION POWER POWER LAMP(S)
DISTRIBU. RECEPTACLES (4)
TION BOX

a1 115 VAC 60 CYCLE PROVIDES POWER COIl" ECT:ON TO 1i1 eAC

POT'ER INPUT 60 CYCLE POWER SOURCE.

CABLE AND PLUG

SYSTEM 82 11 SVAC 60 CYCLE PROVIDE POWEROUTPUT TO TV
POWER DIS. POWER MONITOR AND TV CAMERA
TRIBUTION RECEPTACLES (4)
BOX

13 115 VAC 60 CYCLE PROVIDES POWER CONNECTION TO

POWER INPUT TELEVISION CART.

CABLE -AND PLUG

FIGURE 4-2 DESCRIPTION OF CONTROLS, INDILATORS, CONNECTORS AND FUSES (Continjsd)
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rO!'.TIRL iPOSITION

Video Recorder

(Rear Panel)

Audio Output Selector SPKR

switch

(Front Panel)

REWIND-STOP-FORmARD STOP

switch

READY-THW-ti srvitch READY

POWE k.:vit, OFF

VIDEO lever PLAY

AUDIO lever 2LAY

AUDIO OUTTPUT LEVEL control fully ccv

TRACKING control fully ccv

RECJRD LEVEL VIDEO control fuliy ccw

RECORD LEVEL AUDIO control fully ccv

AUDIO INPUT switch MICROPHONE

TENSION control (Do not adjust) Adjust

during playback only

TV Monitor

(Front Panel)

CONARAST (OFF-ON) control OFF (fully ccw)

BRIGHT control fully ccw
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CONTROL POSITION

TV Monitor (Continued)

(Rear Panel)

TERMINATE sw-'ch OFF (if not last in series of

monitors)

ON (if only monitor, or last

in a series of monitors)

SYNC switch INT

Video/Audio Junction Box

VIDEO switch MON

MIC SELECT switch HEADSET

Television Cart

POWERSTAT control fully Ccw (0)

4-8. SYSTEM.

4-9. THREADING TAPE ON VIDEO RECORDER.

See Figure 4-3.

NOTE

Tape width in one inch and length it
3000 feet. The tape is normally supplied
on a 9-3/4 inzý. dia,.Žter supply reel (left

position on Video Recorder) witb the oxide
side facing in. During operation the tape
is wourd o-. P takn-vp redl (Liqht position
an Video Recorder) with the oxide side
facing out. Before threading tape on
Video Recorder, ensure recorder heads are
demagnetized ee: Paragraph /-4, Heads
Demagnetizing. Ensure recorder heads

and guides are clean per Paragraph 7-5,
Heads and Guides Clianing, The demag-
netizing and cleaning procedureq should
be repeated for every eight hours of
Video Recorder operation.
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a. Set Video Recorder READY-THREAD switch to THR0D (switch is normally
tight through first few degrees of rotation.)

RESULT: Guide arms (9) and (12) extract from beneath head
drum cover.

b. Install supply reel (1) on left wheel hub, such Last tape will unwind
in a counterclockwise direction. Install empty take-up reel (7) on
right wheel hub. Ensure both reels are firmly seated (rotate reels
until reels drop into guides).

c. Manually unwind three or four feet of viden tape (2) from supply
real (1).

CAUTION

To prevent damage to Video Recorder,
ensure retainer tape (orange) iG not
adhered to video tape.

d. Place video tape (2) outside of tension mechanism roller (3), following
white guide line, then on inside of tape guide roller (4).

e. Pull tape around lower outside of capstan (5), on oitside of tape
guide (8), on inside of guide arm (9), then on lower right side of
head drum (11).

CAUTION

To prevent teariag videc tape during
operation, ensare tape is not over set
screw (10) on rear of head drum (11)
during following step.

f. Wrap tape counterclockwise around head drum (11). Place tape on inside
of guide arm (12) and guide tape around upper portion of capstan (5).
There should now be two heights of tape on the capstan.

g. Lay tape flat against upper portion nf take-up reel (7) and manually
rotate wheel clockwise two revolutions until tape is taut.

h. Manually rotate supply reel (1) until tape is taut.
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FIGURE 4-3 THREADING TAPE ON VIDEO RECORDER
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1. SUPPLY REEL (LEPT)
2. VIDEO TAPE
I. TENSION MECHANISM ROLLER
4. TAPE GUIDE ROLLER
S. CAPSTAN
6. TAPE GUIDE
7. TAKE-UP REEL (RIGHT)
S. TAPE GUIDE
9. GUIDE ARM

10. SET SCREW
11. HEAD DRUM
12. GUIDE ARM

FIGURE 4-3 THREADING TAPE ON VIDEO RECORDER
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4-10. APPLICATION OF POWER TO SYSTEM.

CAUTICN

To prevent damage to Video Tape Recording
System, ensure all switches and controls

are positioned as given in Paragraph 4-5,
Controls Preliminary Settings. Ensure
system is properly assembled and various
cables are correctly attached as given in
Section III, Unpacking and Preparation.
Before connecting Television Cart elec-
trical cable W5 or W6 to external 115 vac
60 cycle power source, use voltmeter to
check that voltage is correct. Do not
connect to source if voltage is incorrect.

a. Connect plug P2 of electrical cable U5 or W6 to 115 vac 60 cycle power
source.

NOTE

Readjust POWERSTAT control as given iv
following step each time a unit of the
Video Tape Recording System is turned on.

b. Adjust POWERSTAT control on right side of Television Cart until VOLTS

meter indicates 115 vac.

"4-11. CAMERA TURN-ON AND ADJUSTMENT.

NOTE

Do not perform Camera Turn-On and

Adjustment if Video Tape Recording
System is to be used for playback or
atdio dubbing only.

a. Ensure TV camera is properly aligned per Section I, Reference Publica-
tions, piblication a.

b. Arrange illumination of maintenance task area to be televised. Refer

to Faragraph 3-10, Illumination. Apply power to illumination lamps.

CAUTION

To prevent damage to vidicon tube in TV
Camera upon application of vowez, ensure
camera ON-.OFF switch is set L.. OFF and
BEAM control is fully ccw. To avoid possi-
bl? damage to circuitry in TV Camera due
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to accidental grounding, do not disconnect
video cable connected to VIDEO Jack on
camera while power is applied to camera.
To prevent damage to TV Camera vIdicon
tube caused by residue in tube, do not
tilt camera, lens down, at an angle ex-
ceed.ng 4,5 degrees. Do not point TV
Camera at sun or sunlight reflections
(glare) at any time with lens cap removed.

c. Remove lens cap from camera lens on TV Camera. Point camera at teat
pattern.

d. Set TV Camera ON-OF switch to ON, and perform steps • through g duriug
10-minute camera warm-up period.

e. Set TV Monitor CONTRAST control cv just enough to apply pownr to

mnnitor.

f. Adjust TV Monitor BRIGHT control until raster is just visible.

g. Adjust TV Monitor CONTRAST control clockbrise to center, position.

h. After 10-minute warm-up period, adjust TV Camera TARGET control clock-
vise to center position.

Adjust camera lens focus, focal length
and aperture controls during nezxt step
to acquire proper image on TV Camera
vidicon tube.

CAUJTION

To prevent damage to TV Caaiara vidicon
tube, do not adjust camera LEAM control
past point where retrAce (b'Ack) lines
on TV Monitor are visible.

i. Slowly adjust T/ Camera BEAM control :lockwise until image appears on
TV Monitor.

j. (See Figure 4-4) Further adjust TV Cimera BEAM control until complete
image is visiF1e (advancing BEAM control past this point v/ill cause
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'• i.," "..

DETAIL A
NORMAL PICTURE

- U

- I.- ,,t

.A jE

DETAIL 8

FAULT: DISTORTION AND LOSS OF FCCUS (VIDEC, LEVkL MEI LR INDICATESOVER 10O%)

REMEDY: READJUST TARGET AND BEAN C-ONTROLS TO LOWER (CCW) POSITION

FIGURE 4-4 ERA PRESENTATIONS - FAULTS AND REMEDIES



DETAIL C
FAULT: NEGAriVE P7CTURE

REMAEDY: READJUST TA~RlT CONTROL TO LOVER (CCW) POSITION

of,

DETIL

FALT PC4.I'UTOFFOU

REWLT.DICTUEADUS O FOCUSCOTL

FIGURE 4-4 TV CAMERA PRESENTATIONS - FAULTS AND REMEDIES



loas of focus sand distortion of TV ?1onitor picture, also probable

dang. to TV Camra vidicon tube).

RESULT: (Correct) Clear. sharp lane appears on TV Monitor.

(Incorrect) Exessive video Is present or picture
quiality is unacceptable, wnit.. SUAN control
advranced to 902 of full range: adj-w~t
TAMEPf control to a lmer position and
repeat steps I and J.

k. Adjust cmara leas aperture (f/nmber), TARGET and DEAN controls until
picture highlights are visible on TV IHoutor, and TV Cmara VIME LEME
water indicates full scale (1002) deflection.

ism

If TAR=E control is set to A (auto)%
position, readjustent of camera lens
aperture my be necessary.

1. Adjust cmra laen focus and TV Coera lOCUS control for optim. resolu-
tion on TV Monitor.

a. Adjust TV Ibaitor CONTRAST snJ MlIGHT controls to further Increase
picture quality.

4-12. VIMU UEI=&= TUR1S-O AIM ADJUSTIT.

NOE

Video Recorder heads and gu ides shruld
be classed after every eight hours of
use. Rafer to Paragraph 7-5. Heads and
Guides Cleanbrg. The Video R-corder
heads should be damegnetized after
every eight hours of use. infer to
Paragraph 1-(. Reads L~gnetimiing.

a. Set Vidso Recorder F(MR switch to 05.

RESULT: (1) Pilot laim (to right of S MlP evitch) illu.minates.

(2) [head drvaa begi;3e zo rotate.

(3) (Correct) Clickin~g noise (raortaal) nay occur
several time, thev to&&es when head drum reaches
synchronove spemed.
(Incorrect) Read drum does not appear to reach
uiyuchroeous spend: set Video Recorder POMI witch
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to OFF and manually adjust both reels to allow a
small slack in tape. Repeat step a.

b. Set Video Recorder READY-THREAD switch to READY (switch is normally
tight.)

RESULT: Switch clIcVA into position.
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SECTION V

OPERATION

5-1. GENERAL.

5-2. Section V, Operation, provides all procedures required to operate the
Vide. Tape Recording System. The procedures consist of the following para-
graphs: Recor-!ing Video Only, or Video and Audio (Video Recorder); Playback
Only; Simultaneous Recording (Video Recorder and Auxiliary Audio Recorder);
and Dubbing Audio on Video Tape.

5-3. The Recording Video Only, or Video and Audio (Video Recorder) procedure
provides instructions foz accomplishing the primary task of recording a scene
on video tape, with or without audio, using the Video Tape Recording System.
Playback of the reccrded scenes may be accomplished without changing the
system configuration. (Refer to Paragraph 5-4 for description of playback
with the system in a compact configuration. Refer to Paragraph 5-6 for des-
cription of microphone dubbing.)

5-4. The Playback Only procedure details the assembly and operation of the
Video Tape Recording System in a compact configuration for playback of
recorded video and audio. Generally, playback often occurs in a limited area
such as an office or other restricted vieiing area, necessitating the compact
system configuration.

5-5. The Simultaneous Recording (Video Recorder and Auxiliary Audio Recorder)
procedure provides instruction for simultaneously recording on the Video Re-
corder and the Auxiliary Audio Recorder. The Auxiliary Audio Recorder re-
places the microphone during video recording to record audio descriptions of
maintenance tasks occuring in areas where a iong microphone cable would be
cumbersome. When recording ends, the Auxiliary Audio Recorder audio is
dubbed onto the Video Recorder tape (refer to the following paragraph).

5-6. The Dubbing Audio on Video Tape procedure provides details on trans-
ferring audio onto video tape containing previously recorded video. Either
a micropl-one or the Auxiliary Audio Recorder may be used to provide the
audio. The Video Tape Recording System Is assembled in a compact configura-
tion to facilitate use in limited areas.

5-7. See Figure 5-1 for a table listing Counter Readings/Total Time. The
table uses the Video Recorder counter to derive the operating time of the
Video Tape Recording System during recording, playback, fast forward, and
rewinding. The counter may also be used to denote certain recorded scenes
on the video tape for playback or stillframing at r later time.
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COUNTER READINGS TOTAL.
,i IME

RECORD/PLAYBACK PAST FORWARD REWIND (MINUTES)

2n 69 153 1

4 139 X64 2

6 206 649 3

9 273 970+ 4

110 347 5

131 416 6

151 485 7

171 553 a

191 621 9

210 689 10

229 736 11

249 823 12

266 390 1;

285 957 14
.10 970 Is

320 16

338 17

355 13

372 19

3W9 3

406 21

422 22

43 23

456 24

470 25

466 26

502 27

517 23

532 29

547 30

562 31

577 32

592 33

606 34

621 35

635 36

649 37

663 38

FIGURE 5-1 TABLE OF COUNTER READINGS AND TOTAL TIME
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5-8. RECORDING/PLAYBACK.

5-9. RECORDING VIDEO ONLY, OR VIDEO AND AUDIO (VIDEO RECORDER).

NOTE

Following procedure uses Video Tape
Recording System to record scenes, either

video or video and audio, on V:ideo Recorder.

a. Check availability of Video Tape Recording System components. Refer to

Paragraph 3-4, Parts Inventory.

bt Prep're Video Tape Recording System for recording and playback. Refer
to Paragraph 3-7, Preparation for Recording and Playback.

c. Perform preliminary adjustments and apply power to Video Tape Recording
System. Refer to Section IV, Turn-on and Adjustment.

d. Set Video Recorder AUDIO OUTPUT LEVEL control fully ccw.

e. Set Video/Audio Junction Box VIDEO switch to MON and VTR.

f. Set Video Recorder VIDEO lever to RECORD (AU.DIO lever moves automat-
ically to RECORD).

g. Adjust Video Recorder RECORD LEVEL VIDEO control until VIDEO meter
indicates 100% (peak). Do not allow meter to indicate over 100%.

h. If audio is to be recorded with video, perform steps i through k. If

audio is not to be recorded, proceed to step 1.

i. Set Video Recorder AUDIO INPUT switch to MICROPHONE.

J. Set Video/Audio Junction Box MIC SELECT switch to one of following
positions, depending on choice of audio input: MIC 1; MIC 2; or
HFADSET.

NOTE

Headphones (16 ohms or higher impedance)
may be used during following step to
monitor audio input for presence of
accoustic feedback. If headphones are
used, set Audio Output Selector switch
on Video Recorder rear panel to LINE
(disabling speaker) and connect
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headphones to front panel HEADPHONES
jacks. Adjust AUDIO OUTPUT LEVEL
control during next step for acceptable
audio level.

k. Simulate expected distance between microphone or headset and speaking
person. Set switch on headset (if used) to on position. Speak in
normal manner and adjust Video Recorder RECORD LEVEL Audio control
until AUDIO meter peaks at 100%.

1. To begin recording, press Video Recorder R RECORD switch, or (if
connected) Remote Control Unit R switch.

RESULT: (1) Video lecorder RECORD lamp (to right of R RECORD
switch) illuminates.

(2) Remote Control Unit (if connected) R lamp illumi-
nates.

(3) Video Recorder counter rotates.

(4) Video Recorder records video or video/audio.

m. Refer to Figure 5-1, Table of Counter Readings/Time, for listing of
counter readings and corresponding recording time of system.

n. To stop recording, press Video Recorder S STOP switch, or (if connected)
Remote Control Unit S switch.

RESULT: (1) Video Recorder RECORD lamp extinguishes.

(2) Remote Control Unit (if connected) R lamp
extinguishes.

(3) Video Recorder counter stops rotating.

(4) Video Recorder stops recording.

o. To rewind, play back, wind forward (fast forward), or stillframe video
tape, perform procedures given in Paragraph 5-23, Video Recorder Modes.

p. Perform one of following steps:

1. If Video Tape Recording System is to be moved to a new area for
further recording, perform Paragraph 6-3, Short Period Shut-
down.

2. If Video Tape Recording System is to be used for playback only,
perform Paragraph 6-3, Short Period Shut-down, then Paragraph
5-10, Playback Only.
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3. If no further use of Video Tape Recording System is tiquired,
perform Paragraph 6-4, Shut-down For Storage.

4. If audio dubbing (microphone only) is to be applied to video
tape, perform Paragraph 6-3, Short Period Shut-down, then
Paragraph 5-19, Dubbing Audio On Video Tape.

5-10. PLAYBACK ONLY.

NOTE

Following procedure uses Video Tape Re-
cording System in a playback only con-
figuration. Recording of video or audio
is not possible.

a. Check availability of Video Tape Recording System components. Refer to
Paragraph 3-4, Parts Inventory.

b. Prepare Video Tape Recording System for playback only. Refer to Para-
graph 3-15, Preparation For Playback or Audio Dubbing Only.

c. Perform preliminary adjustments and apply power to Video Tape Recording
System. Refer to Section IV, Turn-on and Adjustment (do not perform
Paragraph 4-11, Camera Turn-on and Adjustment).

d. To play back recorded video, or video and audio, perform Paragraph 5-25,
Playback.

e. If no further use of Video Tape Recording System is required, perform
Paragraph 6-4, Shut-down For Storage.

5-11. SIMULTANEOUS RECORDING (VIDEO RECORDER AND AUXILIARY AUDIO RECORDER).

NOTE

The following procedures are to be used
for simultaneously recording video on the
Video Recorder and audio on the Auxiliary
Audio Recorder. The procedures consist of
preoaring the Auxiliary Audio Recorder and
performing simultaneous recording using
both recorders. Also included are pro-
cedures covering depleted tape, stopping
recording, and revinding tape on the
Auxiliary Audio Recorder.

5-12. Preparation.

a. Check availability of Video Tape Recording System components. Refer
to Paragraph 3-4, Parts Inventory.
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b. Prepare Video Tape Recording System for recordingý Refer to Paragraph
3-7, Preparation for Recording and Playback.

c. Perform preliminary adjustments and apply pow.r to Video Tape Recording
System. Refer to Section IV, Turn-on and Adjustment.

d. (See Figure 5-2.) Momentarily press Forward switch (13) on Auxiliary
Audio Recorder and observe REC. BATT. indicato• (23). If indicator is

in red region, battery must be immediately recharged. Refer to Para-
graph 5-18, Recharging Battery.

e. Press Stop switch (14) on Auxiliary Audio Recorder.

f. Press CASSETTE UP lever (22) on Auxiliary Audio Recorder (I). opeenip

compartment lid (8).

g. Place tape cassette (2) into compartment (10) and press cassette until

cassette snaps into place. Carefully close lid (8).

AUX jack (18) is rnot used with Video
.ape Recording System.

h. (See Detail A, Figure 5-2) Grasp microphone (4) and insert microphone

plug (7) into NIC (16) and REHOTM (17) jacks on recorder (1).

i. Set microphone O-OF! switch (5) to OFF

J. Simultaneously press Aumiliary Audio Recorder REC (11) and Forward (13)

switches, locking swlftches into place. Auxiliary Audio Recorder is

nov ready for recording.

k. Before simultaneous recording begins enter a few minutes of normal
audio on Auxiliary Audio Recorder tape to provide for later audio level

adjustment, as follovs: set microphone ON-OFF switch (5) to ON; hold

microphone seven inches from mouth and say "testing, testing, one, two,

three," weveral times into microphone grill (6); set microphone ON-OFF

switch to OFF; Press Stop switch (14).

5-13. Recording. See Figure 5-2.

a. Ensure Auxiliary Audio Recorder microphone ON-OFF switch (5) is set to
OF.

b. Initiate nortal video and audio recording using Video Recorder. Refer

to steps d through m, Paragraph 5-9, Recording Video Only, or Video and

Audio. Video Recorder should now be rec:rding video and audio.
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15 22 2 a

115 VAC

60-"PE R DETAIL A
POWER 9 POWER EHEI4

AND MICROPHIONE

INUT eMOTEom MICROPHON4E

AC11I7V MIC

NOTE

AUXILIARY ICABLE USED ONLY FOR RECHARGIRIG
AUDIO R ECORDER IIA7TERY IN AUXILIARY AUDIO REC,'ORDER

WHEN USED WITH VIDEO TAPE RECORDING
SYSTEM

FIGUJRE 5-2 AUXILIARY AUDIO RECORDER
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INDEX

1, AUXILIARY AUDIO RECORDER (SONY-MATIC TC- 100)
2. TAPE CASSETTE
3. TAPE REMAINING WINDOW
4. MICROPHONE. AUXILIARY AUDIO RECORDER
S. (ON-OFF) REMOTE CONTROL SWITCH
6. MICROPHONE GRILL
7. MICROPHONE PLUG
I. COMPARTMENT LID
9. AC 117 V INPUT

10. COMPARTNMINT
M1h (REC) RECORD SWITCH

12. (s.) FAST FORWARD SWITCH
13. (6-) FORWARD SWITCH
14. (-) STOP SWITCH
IS- (*4) REWIND SWITCH
16. (MIC) MICROPHONE INPUT JACK
17. (REMOTE) REMOTE CONTROL JACK
Ill. (AUX) AUXILIARY INPUT JACK
19. (MONITOR) MONITOR JACK
20. (VOL) VOLUME CONTROL
21. (TONE) TONE CONTROL
22. (CASSETTE UP) CASSETTE EJECTOR LEVER
23. (REC BATT) RECORD/BATTERY INDICATOR

FIGURE 5-2 AUXILIARY AUDIO RECORDER



c. Simultaneously press Auxiliary Audio Recorder REC (11), and Forward (13)
switches, locking switches into place. Auxiliary Audio Recorder is now
ready for recording.

NOTE

To conserve tape on Auxiliary Audio Recorder,
do not initiate recording until specific
maintenance task to be recorded is about to
take place. Previius recordings on tape will
be automatically erased during subsequenz
re-'ording. Observe tape remeining window (3)
on tLpe cassette (2) during recording to
prevent sudden interruptions due to tape
depletion.

d. Set Auxiliary Audio Recorder microphone ON-OFF switch (5) to ON.

RESULT: Auxiliary Audio Recorder begins to operate.

NOTE

Use progressive cueing ("mark 1 - mark 2 -
mark 3 - etc.") at each start of Auxiliary
Audio Recorder. Say "termination 1 - termi-
nation 2 - termination 3 - etc.," at each
turn-off of Auxiliary Audio Recorder.

a. Before applying audio to Auxiliary Aadio Recorder, _-ovide audio cueing
to both recorders by saying "mark (number)" '.nto microphones of both
recorders (hold Auxiliary Audio Recorder microphone seven inches from
mouth, leaving small square in-back of microphone uncovered). Record-
ing of normal audio may now begin.

f. If tape on Auxiliary Audio Recorder becoaes depleted, proceed to Para-

graph 5-16, Depleted Tape Replacement.

NOTE

During simultaneous reccrding, ir may be
necessary to turn off Auxiliary Audiv Re-
corder to conserve tape. However, Video
Recorder may be allowed to continue re-
cording vileo. IC both recorders are to
be turned off, do so simultaneously.
(r'o not turn off •'ideo Recorder, leaving
Auxiliary Audio Recorder operating, or
cueing procedure will be disrupted.)
Refer to following step:

g. To stop recordinS with Auxiliary Audio Recorder, or with bott recorders,
proceed to Paragraph 5-14, Stop Recording.
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5-14. Stop Recording. See Figure 5-2.

NM~r

To stcp Auxiliary Audio Recorder, perform
step a. To stop Auxiliaty Audio Recorder
and Video Recorder stnmteneously, perform
steps a and b simultaneously.

a. To stop Auxiliary Audio Recorder, say "termination (ember)" into both
micropbones and set Auxiliary Audio Aecorder alerophone 05-OFF wvitch
(5) to OFF. Proceed to step c.

b. To atop Video Recorder, press S STOP witch, or (if connected) kmnote
Control Uait S switch. Proceed to step c.

c. Perform one of following steps if recording is to be resaued (if not,
proceed to step d):

1. If only Auxiliary Audio Recorder was stopped, reeme recording
by repeating steps d through S, Paragraph 5-13, Recording.

2. If bot)ý recorders were stopped, resume recording bly repeattng
Paragraph 5-13, Recording.

d. If all recording is ended, perform Paragraph 5-17, Revinding Tape, then
transfer AuwdliLry Audio Recorder audio onto Video Recorder tape (may
be done at later time) per Paragraph 5-19, Dubbing Audio on Video Tape.

5-15. Auxiliary Audio Recorder 1Mdas.

5-16. Depleted Tape Replaceiment. (See Figure 5-2)

a. If tape becom.-m depleted during recording, say "termination (number)"
into both nicrophones. Set A.uxiliary Audio Recorder microphone ON-OFF
switch (5) to OFF (allow Video Recordzr to continue recording).

b. Preen Stop switch (14) on Auiiliary Audio Recorder.

c. Press Cassett Up switch (22), sliding witch to left of arow points
until czmpertment lid (8) opens.

d. If only one side of tape is depleted. flip tape cassette (2) overz and
resume recording. Refer to steps c thr"igh S, Paragraph 5-13,
Recording.

e. If both sides of tape are depleted, rewinding is tot ncessary. Re-
place depleted cassette (2) with unused cassette and resume recording.
Iefer to steps c through S. Paragraph 5-13, Recording.
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5-17. Rewindirng Tape. (See Figure 5-2)

a. Set microphone ON-OFF switch (5) to OFF.

b. Press Auxiliary Audio Recorder Stop switch (14) and perform one of
following steps:

1. If both sides of tape are depleted, rewinding is not necessa.y.
Press CASETTE UP switch (22). sliding evitch to left of arrow
points until compartment lid (10) opens. Flip tape cassette (2)
over and carefully close lid. Tape is now ready for playback or
audio dubbing.

2. If one side of tape is partially depleted and other side is
unused, rewind tape by pressing Rewind switch (I'5). When tape
is rewound, preos Stop switch (14). Tape is nom ready for play-
back or audio dubbing.

3. If one side ot tape is depleted, but other side (side in use) is
only partially depleted, press Fast Forward switch (12). When
tape runs out, press Stop switch (14). Press CASETTE UP switch
(22), sliding switch to left of arrow points until compartment
lid (10) opens. Flip tape cassette (2) over and carefully
close lid. Tape is now ready for playback or audio dubbing.

5-18. RecharginX Battery. See Figure 5-2.

NOTE

If Auxiliary Audio Recorder REC. BATT.
indicator (23) is in red region during
playback, battery must be recharged per
folloving procedure.

a. See Figure t-2, Detail A. Connect power cable to AC 117V INPUT Jack
on Auxiliary Audio Recorder and to 115 vac 60 cycle power source
(charging begins when cable is connected).

b. Recharge battery for 21 hours. Do not overcharge. When recharged,
battery will operate recorder for 10 hours of continuous operation.

c. When battery is recharged, disconnect power cable. Press Forward
switch (13) and observe REC. DATT. indicator (23). If indicator still
indicates in red region, replace (BF-9) battery.
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5-19. DUBBIN4G AUDIO ON VIDEO TAPE.

5-20. Preieratiom.

Following procedure prepare* Video Tape
Recording System for dubbing audio an
video tape containing previously recorded
video (any audio that exists on the video
tape will be automatically erased during
dubbing). Zither a microphoe or the
Auz:ulia-y Audio Recorder may be used for
dubbing. If Auxiliary Audio Recorder is
used, Paragraph 5-11. Stmitaneou Re-
cording (Video Recorder ed Auxiliary
Audio Reorder), met be performed first.

a. Check availability of Video Tape Recording System componeuts. Reafr
to Paragraph 4-3, Parts Inventory.

b. Prepart Video Tape Recording System for audio dubbing. Refer to Para-
graph 3-15, Preparation For Playback or Audio Dubbing Ousy.

c. Perform preliminary adjustments and apply pover to Video Tape Recording
System. Refer to Section IV, Turn-on and Adjustment (do not perform
Paragraph 4-il, Camera Turn-on and Adjustment).

d. Set Video Recorder RECORD LEVI AUDIO and VIDEO controls fully ccv.

CAUTION

To avoid erasing existing video on tape,
Video Recorder VIDEO lever must be set
to PLAY.

e. Apply power to TV eonitor.

f. If microphone it to be used for dubbing, proceed to Paragraph 5-21,
Mic rophone Dubbing.

S. If Auxiliary Audio Recorder is to be used for dubbing, proceed to
raragraph 5--22, Auxiliary Audio Recorder Dubbing.

5-21. Microphone Dbbt31.

a. Perform Paragraph 5-20, Preparation.

b. Set Video Recorder AUDIO IWU switch to KICN)IqKNU
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c. Simulate expected distance between microphone and speaking person.
Speak in normal manner and adjust Video Recorder RECORD LEVEL AUDIO
control until AUDIO LEVEL meter peaks at 100%.

NOTE

To avoid erasing existing video on video
tape, Video Recorder VIDEO lever must be
set to PLAY.

d. Set Video Recorder VIDEO lever to PLAY.

e. Set Video Recorder AUDIO lever to RECORD.

f. Initiate playback by pressing Video Recorder P Play switch.

RESULT: Video Recorder plays back video on TV monitor
(adjuet controls on monitor for acceptable picture).

g. (See Figure 5-3) Slowly adjust Video Recorder TRACKING control from
fully ccw position until VIDEO meter indication is maximum and TV
raster is unbroken and free from streaking.

h. (See Figure 5-3) Adjust Video Recorder TENSION control until top of
picture, viewed on TV monitjr, is straight (not bent left nor right).

i. Begin audio dubbing, when desired, by speaking into microphone.

J. Perform one of following steps:

1. To skip areas of video tape during audio dubbing, perform
Paragraph 5-26, Fast Forward.

2. To stor audio dubbing, press Vikeo Recorder S STOP switch.
PESULT: Video Recorder stops playback.

3. To rewind video tape, perform Paragraph 5-24, Rewinding Tape.
4. To play back video tape, perform Paragraph 5-25, Playback.

k. If no further use of the Video Tape Recording System is required,
perform Paragraph 6-4, Shut-down For Storage.

5-22. Auxiliary Audio Recorder Dubbing.

a. Perform Paragraph 5-20, Preparation.

NOTE

Do not actuate Video Recorder until in-
structions specify actuation. Do not over-
run first audio cue - "mark 1" - on
Auxiliary Audio Recorder.

b. Set Video Recorder AUDIO INPUT switch to BALANCED OR UNBALANCED.
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-, . b -"

DETAIL A

FAULT: PICTURE BROKEN AND MARRED BY STREAKING

REMEDY: READJUST VIDEO RECORDER TRACKING CONTROL

DETAIL B
FAULT: PICTURE BENT LEFT OR RIGHT

REMEDY: READJUST VIDEO RECORDER TENSION CONTROL

FIGURE 5-3 - VIDEO RECORDER PRESENTATIONS FAULTS AND REMEDIES
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c. Press Auxiliary Audio Recorder CASETTE UP lever, opening coipartment
lid. Place tape casette containing previosly recorded audio into
compartment and press casette until casette snaps into place. Care-
fully close lid.

d. Press Forward switch on Auxiliary Audio Recorder and adjust VOL and
TOME controls for nomal listening level.

e. Adjust Video Recorder RECORD LEVEL AUDIO control to o*-Laln 100% peak
indication on AUDIO meter.

f. Pro" Stop switch on Auxiliary Audio Recorder a considerable time
before first audio cue - "mark 1" - is heard.

To avoid erasing existing video and audio
on video tape. Video Recordec VIDEO and
AUDIO levers most be set to FLAY

S. Set Video Recorder VIDEO and AUDIO levers to PLAY.

NOTE

Do not overrun first audio cue - "mark 1" -
on Video Recorder during folowing steps.

h. To begin setup of Video Recorder, press P PLAY switch.

RESULT: Video Recorder plays back video on TV monitor (adjuast
controls on monitor for acceptable picture).

I. (See Figure 5-3) Slowly adjust Video Recorder TRACKING control from
fully ccv position until VI meter indication is maximm and TV
raster is unbroken and free from streaking.

J. (See Figurt 5-3) Adjust Video Recorder TESION control until top of
picture, viewed on TV monitor, is straight (not bent left or right).

k. Stop Video Recorder playback when first audio cue - "mark 1" - is

heard on Video Recorder, by quickly pressing S STOP switch.

RESULT: Video Recorder stops playback.

1. Set Video Recorder AUDIO lever to RECORD,
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a. Press Forward switch on Auxiliary Audio Recorder. When first audio
cue - "mark 1" - is hear initiate dubbing by quickly press-ing Video
Recorder R RECORD Switch.

RESULT: Auxiliary Audio Recorder dubs audio onto Video Recorder
tape.

n. When audio cue "terminiation 1" is heard, simultaneously press Stop
cwitch on Auxiliary Audio Recorder and Video Recorder S STOP switch.
Set Video Recorder AUDIO lever to PLAY. Prees Video Recorder P PLAY
switch and repeat steps k thru n (for "mark 2", then "termination 2").
Repeat for all "marks" and "terminations."

o. Perform one of following steps:

1. To skip areas of video tape during audio dubbing, perform
Paragraph 5-26. Fast Forward.

2. To rewind video tape, perform Paragraph 5-24. Rewinding Tape.
3. To rewind Auxiliary Audio Recorder tape, perform Paragraph 5-17,

Rewind Tape.
4. To play back video tape, perform Paragraph 5-25, Playback.

p. If no furthir use of the Video Tape Recording System is required, per-
form Paragraph 6-4, Shutdown For Storage.

5-23. VIDEO RECORDER MODES.

5-24. REWINDING 7APE.

NOTE

Following procedure is used to rewiad
video tape, even if tape is in recording
mode or playback mode. (It is not
necessary to press Video Recorder S STOP
switch in following steps.)

a. Refer to Figure 5-1. lable of Counter Readings/Time, for time necessary
to rewind tape.

b. Set Video Recorder REWIND-STOP-FORWARD switch to REWIND.

RESULT: Video Recorder begins Lo rewind.

c. To stop rewind, set REWIND-STOP-FIIARfD switch to STOP.

UESULT: Video Recorder stops rewind.
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5-25. PLAYBACK.

a. Refer to Figure 5-1, Counter P,'adings/Time, for tine necessary to play
back tape. Ensure tape is rewout'id. Refer to paragraph 3-24, Rewinding
Tape.

b. Set Video Recorder AUDIO and VIDEO levers to PLAY.

c. Press Video Recorder P PLAY -,5tch, or (if connected), Amsts Control
Unit P switch.

RESULT: (1) Video Recorder plays back video ori TV )Ioyitor
and audio on recorder speakerr.

(2) If Remote Control Unit is connected, white lamp
on unit illuainates.

d. If video tape contains audio, aiju*t Video Recorder AUDIO OUTPUT LEVEL
control until recorder speaker voIL.•.e is acceptable.

During playback, occasionally readjust
TRACKING control to maintain maximun
indication on VIDEO meter.

e. (See Figure 5-3) Slewly adjust Video Recorder TRACKING control from
fully ccv posit4on until VIDEO meter indication is mximsm and TV
raster is unbroken and free from streaking.

f. (See Figure 5-3) Adjust Video Recorder TEISION control until top of
picture, viewed on TV Vmnitor, is straight (not bent left nor right).

T. 1o skip areas of tape during playbacV, refer to Paragraph 5-26, fast
Forward.

h. I'f a stillfrsse (stopping recorder to view a single field) ts desired,
refer to Paragraph 5-27, Stillframe.

i. To *top playback, press Video Recorder S STOP switch, or (if connected),
Rewte Control Unit S switch.

RESULT: (1) Video Recorder stops playback.
(2) If Remote Control Unit is conne.:,ed, vnite

lamp on unit extinguishes.



5-26. FAST FORWARD.

Following procedure allow* skipping of
sections of video tape during playback or
record modes (it it not necessary to
press Video Recorder S STOP switch in
following steps).

a. Ensure that area of tape desired for playback or recording ha'i been
identified by noting Video Recorder counter reading. Lifer to Figure
5-i, Table of Counter Readings/Ttim, for time necessary to reach
desired tcpe area.

b. Set Video Recorder MIND-STOP-FONWARD witch to POPARD..

RESULT: Tape reels accelerate in speed (recording or playback
is interrupted).

c. When counter reading indicates that desired tape area has been reached,
stop fact forward by setting REDDD-STOP-POIRWARD svitch to STOP.

RESULT: Video Recorder stops fast forward.

d. Press P PLAY miwitch to continue playback, or R RECORD switch to continue
recording.

5-27. STTiLLFRAI.

Folloving procedure is used to stop Video
Recorder during playback, allowing a single
field to be viewed on TV Monitor.

a. Ensure Video Recorder is in playback mod*. Refer to Paragraph 5-25.

Playback.

b. Use counter on Video Recorder to denote are, of tape to be stillframwd.

c. Coatimue to operate Video Recorder in playback *ode.- if desired, place
recorder into fast forward ndo (refer to Paragraph 5-26, Fast Forward)
until counter indicates that desired tape area is approaching, then
place recorder back to playback mode.
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d. When desired field appears on TV Monitor, press Video Recorder S SToP
switch, or (if connected) Remote Control Unit S switch.

RESULT: Video Recorder stops playback and automatically
stillfcines desired scene (MA picture has diagonal

lines, or is torn, manu.liy rotate reels until

picture shows a stillframe).
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SECMION VI

SHUT-DOWN

6-1. G~N•RAL.

6-2. Section VI, Shut-down, details the partial disassembly of the Video

Tape Recording System for short period shut-down, or complete disassembly
for storage or shipping.

6-3. SHORT PERIOD SHUT-DOWN. See Figure 3-2.

NOTE

Following procedure partially disaisembles
Video Tape Recording System to allow rapid
transport of system to another maintenance
task area if playback is to be performed,

or to await further use.

a. If Video Recorder Is in process of recording or playback, rewind tape
and remove from Video Recorder. Refer to Paragraph 5-24, Rewinding
Tape.

b. If illumination was used, turn off lights and disconnect electrical
cable W9 frnm lights and power source. Place cable V9 on reel No. 4
on Television Cart and install retainer over reel.

c. Ensure all switches and controls are positioned as given in Paragraph
4-5, Controls Preliminary Se•'tngs.

d. Discornect electrical cable W5 or W6 from power source and Television

Cart. If electrical cable W5 was used, store cable on reel No. 1 and
install retainer ring. If electrical cible W6 was used, place cable
In storage provision In Television Cart.

e. If microphone(s) or headset was used, remove from MIC and HLASET jacks
on Video/Audio Junction box and place in storage provision in Television
Cart.

f. If extra TV monitor was u.ed, disconnect electri-Al cable W10 from
extra r.' monitor and Cameri Station TV .nitor. Disconnect power

cable from Television Cart power input receptacle.

g. Disconnect Plectrical cable '2: from Tolevis.'n CArt and Video
Recorder.
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h. Disconnect electrical cable bundle W8 from Video Recorder and Video/
Audio Junction Box. Store cable bundle W8 on reel No. 2 and replace
retainer ring.

1. Disconnect electrical cable W7 from Television Cart ac power receptacle
and from plug on System Power Distribution Box. Store cable W7 on reel
No. 3 and replace retainer riur

J. Clean Video Recorder heads and guides. Refer to Paragraph 7-5, Heads
and Guides Cleaning. Demagnetize heads. Refer to Paragraph 7-4,
Heads Demagnetizing.

6-4. SHUT-DOWN FOR STORM;!. See Figure 3-2.

Folloving procndure completely disassembles
Video Tape Recording System for storage or
.*-lipping.

a. Perform Paragraph 6-3, Short Period Shut-down.

b. Disconnect TV Camera power cable and TV Nonitor power cable from System
Power Distribution box.

c. Disconnect electrical cable W4 from Remote Control Unit and Video/Audio
Junction Box. Disconnect electrical cable W; from Video/Audio Junction
Box and TV Camera rear panel Video Level meter box.

d. Disconnect electrical cable W2 from Video Level meter Box and TV
Camera rear panel.

e. Place cables W2, W3 and WA in storage provision in Television Cart.

f. Unscrew tee screws on Remote Control Unit; remove unit from camera
tripod and place in storage provision in Television Cart.

g. Unlock locking lever and remove TV Camera from mount on tripod. Slide
camera onto holding lange in Television Cart and secure by rotuting
Jan nut ccv until tight.

h. Loosen two philips-head screws and remove camera mount from engaging
pins on tripod. Place mount in storage provision in Television Cart.

i. Disconnect electrical cable W1 from Video/Audio Junction lox.

j. iuove System Powitr Distribution Sox and Video/Audio Junction Box from
camera tripod. and place in storage provisions in Television Cart.

158



k. Use allen vrench to loosen bolts on mounting blocks and remove from
camera tripod. Place .ountlng blocks in storage provision in Tele-
vision Cart.

1. Lower TV Monitor mounting bracket to horizontal prsitton. Remove
bungee straps from cý.er TV Monitor an•i fro- mourting bracket. Remove
TV Monitor from bracket (slide power cable and electrical cable VI
througb opening in back of bracket).

a. Disconnect electrical cable WIl from TV Monitor znd .Aace cable and TV
Monitor in stoxage prov?.sions in Television Cart.

n. Re•ove pins and lift camera tripod off tripod dolly. Close tripod
leg and secure legs togtther by tightening knurled knob that attaches
supportu to center colun.

o. Remove wing-nuts and U-bolts, and remove TV Monitor wount.ng bracket
from spreader arme on dolly. Screw wing-nuts ou U-bolts. Place
U-bolts and bracket in storage provisions in Television Cart.

p. Fold spreaders on tripod dolly (6o not pinch h4nds) and fold dolly.
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SECTION VII

PREVENTIVE MAINTENANCE

7-1. CEMERAL.

7-2. Section VII, Preventive Maintenance, provides instruction. on periodic
maintenance to be performed on certain units of the Video Tape Recording
System.

7-3. VIDEO RECORDER.

7-4. HEADS DEMAGNETIZING.

See Figure 7-1.

NOTE

Video recorder heads should be demagnetized
after every eight hours of use. Only three
cf five heads need to be demagnetized: video
h,!ad (3) in head drum (2); audio record/playback
head (11); and control track head (13). Do not
touch heads with demagnetizer at any time.

a. Ensure tape is not threaded on Video Recorder.

b. Connect Robins demagnetIzer, Model HD-6, to 115 vac 60 cycle power.

c. Hold deagnetizer close to, but not touching, the head to be demagne-
tized. Slowly move demagnetizer up ar.d down head face, then slowly
withdraw demagnetizet to three feet aay from head.

d. Demagnetize other heads in saime manner.

e. Remove demagnetizer and disconnect from 115 vac (O cycle power.

7-5. HEADS AND GUIDES CLUA.NG.

See Figure 7-1.

NOTE

'ldeo Recorer he*ads and guides should be
cleraned after rvery cfght hours of ýie.

4. ArmKove xuprly and take-ip r¢qis frcw Vtdeo ,-,-erder.

S. S,.t -ontrol% Arnd %viti% an V!Aco ; 'rler -l in triararaph 5e-5,



c. DIsconnect Video Recorder pover cable from Television Cart ac power
receptacle.

CADTION

To prevent damage to Video Recorder, do
not spill cleamin fluid on painted or
plastic surfaces. Do not use cleanika
fluid or rubber capstan (7), othervise
rubber will harden and deform

d. Apply Magnetic Tape Read Cleaner (spray) (11, Figure 3-2) to video

head (3, Figure 7-1) to fiubh out oxide particlas.

e. Use cotton swabs to apply Ampex Head Cleaner (13, Figure 3-2) to
rollers (1, Figure 7-1) and (8), video head (3), guide arsm (4),
tape guides (5), (6) and (9), and heads (10), (11), (12), and (13).

f. Apply Isopropyl ,alcohol to rubber capstan (7) using cotton mab (do
not apply any other cleaning fluid).

g. Connect Video Recorier power cable to ac "mer receptacle on Television

Cart.

7-6. CAMERA.

7-7. LENS AND FACEPLA'K CLZANIIf.

CALITIOII

To prevent damage to vidicon tube, do not

allow sunlight to strike vidicon faceplate.
To prevent d4ane to vidicon tube caused
by residue f.n tube, do not tilt camra, lerns
down. at an angle exceeding 45 degrees.

A. Remove three screws and remove lena mount from TV camera.

b. Use cotton swabe and high purity ethyl alcohol to clean -:cImultted
dust from faceplate of vidicon tube and from lens. Use spiral notion
from middle of facef.late or 1icu, outward.

c. Clean smudges or fingerprnts from ens.

d. replace len• holder and inistall lens using three screws.
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FIGURE 7-1 VIDEO RECORDER HEADS AND GUIDES
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1. ROLLER
2. HEAD DRUM
3. VIDEO HEAD
4. GUIDE ARMS(Z
S. TAPE GUIDE

6. TAPE GUIDE

7. CAPSTAN
8. ROLLER
9. TAPE GUIDES (2)

10. AUDIO ERASE HEAD
11, AUDIO RECORD'PLAYBACK HEAD
12. VIDEO/AUDIO/CONTROL TRACK ERASE HEAD
13. CONTROL TRACK HEAD

FIGURE 7-1 VIDEO RECORDER HEADS AND GUIDES
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APPENDIX II
0 EQUIPMENT MODIFICATIONS DETAILS
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APPENDIX III

TECHNICAL SPFC IIlCATICNS

GPL 700 CAMERA SPECIFICATIONS

ELECMitCAL

POMER REQUIWEWTS

100-130 volts ac, 50 or 60 cps, single phase, 40 watts (max.).

SCANNING STANDARDS

525 lines/frame, random interlace, 30 frames/second, 60 fieldsisecond.
675 lines/f rm, 2:1 interlece, ?9 frams/sec ond, 60 fields/second.
525 lines/frae. EIA interlace, 30 frames/second. 60 fields/secoud.

HORIZOSITAL RESOLUTION

700 lines in caeter, 500 lines at corners (with 525 line operation)

BANDWIPM

10 mc (within 3 db)
88 mc (with"r I db)

AUTO-TANT COINTROL

Compmenates for scene brightness
variations up to 4000 to 1.

APETUMRE COMMECTION

0 to +10 db

SIGNAL-TO-NOISE RATIO

40 db

SWEEP LINEARITY

Within 11

SWEEP GEOMETRT

Within 21

aim i I~m mm Wif's.



GPL 700 CAM•RA SPECIFICATIS (cO'-)

?ECHNI CAL

Base of camera tapped for standard 1/4 x 20 tripod scrw.

LENS ?oUNT

Standars 16= "C" moumt.

DIMENSIONS

6.56" high, 4.5" wide, 13.5" long.

WEIGHT

12 pounds.

2IVIOINTAL

TE)PERATUUn

Continuous operation over an ambient air temperature range of
+50oc to -10oc(+122OF to +14n?). (At elevated temperatures a
heat dissipating base should be used.)



4 MODEL 7000, VIDEO TAPE RECORDER SPECIFICATIONS

POWER REQUIWR3ITM

105 to 125 vol.. 60 -7cle at 2-1/2 aseres

Detachable 3 wise -'wer crble and plug

VIDEO INPUT

75 ohm unbalance. terminated internally
I V. P-P Compoeit. Video, negative going syn:.
EIA or industr!-m sync.
137 type input connector

VIDEO OUTPUT

75 ohms u•ab,!snceL " V. P-P Composite Video.
UI!F type output con,,ector

M•DULATOZ OUTPUT

Video modulated rr'4!o frequency output.
UNF type output coi..•ctor
Tuneable t*-eu.h c' annels 2 to 5 for use with standard TV receiver
Nominal. output 3u uillivolts into 300 ohm load. Connects to TV receiver

antenna termL-

AUDIO INPIlTS

Front panel switch
Selects:
a. balanced 200 ohm miý- at .2uv minimum
b. lOOK balanced bridging .12 to 4.9 volts
c. unba'incci bridging .12 Lt' ..9 volts
XL-type connector

AUDIO OUTPUTS

3K---: panel switch
Selects either line or speaker, or both siulta..ously
1. 600 ohm balanced or unbalanced line +4db. noirnal ),,tput +20dba clipping

level. XL type connector.
2. 8 ohms, 6 watt feeding internal speaker. Available externally at

speaker Jack.

VIDEO RESPONSE

30 cpe to 3.5 MC + J&

170



AMPEX MOMEL 7000. VIDEO TAPE RECORDER SPECIFICATIONS (OVT'D)

VIDEO SIGNAL TO NOISE

42 db, Peak-to-Peak siala1 to im solei

3OIZONTAL EISOLUI'r10

350 lins limiting visual resolution on moecope test pattean.

AUDIO ESPFONSE

±4db, 50cpe to M2KC

AUDIO SIQIAL TO NOISE

46db from peak record leve

AUDIO rLUrTE1 AND VOW

Less than 0.15I rue. (measured according to ASA stan&ards)

TAME SPIED

9.6 ips

VIDEO VLITIUG SPIED

1000 ipe

ROTARY READ LIFE

500 hrs.
Will require adjustment after 250 hre.
Uses a single plug-in field interchangeable rotary head.

REW•ND TIME

4 minutes (for 3000 ft. of teps)

FAST FORDARD TIM

14 minutes (for 3000 ft. of tape)

IETMI CUKTROWL FACILITY

Remote play
Remote record
Remote stop
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AMPEX MCDEL 7000 VIDEO TAPE UECORDER SPECIFICATIONS (OONT'D)

7APE

I" vwde. I m±I mylar baae video tapsa
3C00 ft. for - hr. recording time vi 9-3/4" reel

CASK.

SupFplied in a heavy utv :,ugage type case with two handles and lid

SIZE

29" x 18" x 15"

WFLIAT

1.00 lbs.

OPERATIIIG FOSITI(R

.Aorizontal only



BELL AND HO ELL ?(DDtL 2920 VIDEO TAPE REODRL'C SPECIFICATTrW

GEXERAL

TAPE

Standard 1-inch television tape (3*351, oe equivalent), A-vrap.

RKUL TYPE

Standard RAS reel. 8 inches diamater.

UCORDING TIME

One hour virih 8-inch reel containing 2150 feet of tape.

TAPE SPEED

6.91 inches per second.

RECORDING FORMAT

Each field of video information in recorded as a single and continuý.s track.
Two audio tracks are standard. One audio track Is used as a cue track.

START TIME

Color 3 seconds miaxim=; Monochrome: 2 asconds maximum.

KUN-U? TIME

15 seconds maximum.

FAiST FORWARD/WiJIND TIME

90 seconds for one hour reel (8").

VIDEO HEAD)

One, plug-ia type.

MOTORS

Four: two induction torque and two hysteresis synchronous.
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BELL AND HOWELL MODEL 2920 VIDEO TAPE RECORDER SPECIFICATIONS (CONT'D)

CONTROLS

TAPP HOTION CONTROLS

All tape motion is controlled by four pushbuttons: FWD, REWIND, PLAY and
STOP. All controls are fully interlocked electrically, making it impossible
to break, ipill cr throw tape. Functions can be remotely controlled with an
acceescry unit.

RECORD CONTROL

11.e normal record f'.'rnction, consisting of video plus addiu, cat. only be
initiated by simultaneously pressing the PLAY and RECORD pushbutton, when
•,ressed, ane-sizea the record circuitry which drops out when any tape motion
control tother than PLAY) is pressed.

RECORD IN7ICATORS

When the cus switch is in the NORMAL RECORD position and the RECORD push-
button is Properly oressed, the indicator lamp above the RECORD button will
light. In the AUDIO 2 ONLY position, tne indicator lamp above the cue
switch will lipbt.

RECORD LEVEL COINTROLS

Video re-. Jevel, audio I record 'eve] (main audio channel) and audio 2
record level (cue chann-tl) are individually adjustable.

METERS

Two: video level and auiio level. Atudio level meter is switchable betwecz.

audio 1 and audiu 2 channels.

TRACKING CONTROL

The TRACKING control is adjuzted to eliminate tarinLg of the reproduced
picture.

TENS ION CovrrROL

1The TENSION contrul is adjusted for minimum1 hook at the top of tl.e reproduced
pictLre.

COLOR LOCK CONTROL

The cclor lock control is adjusted to eliminate color banding of the
reporduced picture
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BELL AND HOWELL MODEL 2920 VIDEO TAPE RECORDER SPECIFICATIONS (CONT'D)

CONTROLS (CONT'D)

CUE SWITCH

In the NORMAL RECORD position, the audio 2 channel is recorded along with
audio 1 aid video. In the AUDIO 2 ONLY poeition, the audio 2 channel is
recorded while monitoring audio 1 and video.

TIMER

Reads tape passage in minutes and tenths of minutes. The reset button next
to the timer returns the timer to '000' when pressed.

VIDEO PERFORMANCE

BANNIDTH

Black and White Output: 30 Hz to 3.5 MHz +1 db and less than 4 db down at
4.2 MHz. Color Output: Luminance: 30 Hz to 2.5 11Hz +1 db, -3db;
Chrominance: 3 MHz to 4.2 Mz.

SIGNAL TO NOISE RATIO

DIFFERENTIAL GAIN

Ma:-imum deviation of 10 IRE units (10% to 901 APL).

INPUT LEVEL

0.5 to 2.0 volts.

INPUT SIGNAL

Any stardard 60 field, monochrome or NTSC color signal. 75 ohm termination
in recorder.

OUTPUTS

Two: one fnr monochrome and one for color. Both are adjusted for 1 volt
composite video into 75 ohm line.

STABILITY

Horizontal Jitter: less than 0.5% of picture width withi monitors of 7.5
millisecond horizontal afc time constant. Vertical

CROSSOVER

adjustab'e to hold within " microseconds.
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BELL AND HOWELL MODEL 2920 VIDEO TAPE RECORDER SPECIFICATIONS (CONT'D)

AUDIO PERFORMANCE

NUMBER OF CHANNELS

Two standard.

BANDWIDTH

Channel 1: 75 Hz to 10 KHz + 4 db. OCannel 2: 250 Hz to 7 KHz +4 db.

SIGNAL TO NOISE RATIO

40 db both channels (relative to 3% distortion at 400 Hz),

INTERCHANNEL CROSSTALK

40 db minimum

FLUTTER AND WOW

Less than 0.25% rms.

INPUTS (both channels):

Microphone: 0.4 millivolts minimum, 200 ohms nominal. Line: -20 dbm to
+16 dbm. (+4 dbm nominal) 600 ohms balanced or unbalanced.

OUTPUTS (both channels):

Adjusted for +4 dbm output into 600 ohm terminated line. +20 dbm clipping
level.

MOUNTING AND POWER REQUIREMENTS

MOUNTING CONFIGURATIONS

Two: portable (supplied in carrying case) and unmounted (for rack mounting).

DIMENSIONS:

Uncased: 19 inches wide by 12k inches high by 9-5/8 inches deep (6½ inches
deep behind mounting surfa'e including necessary clearance).

WEIGHT

Uncased: 57 pounds.

POWER REQUIREMENTS

110 to 130 volts, 60 Hz, 300 watts maximum
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APPENDIX 1V

APPROXIMATE EQUIPMENT COSTS

Item Unit Price

Video Trape Recorder, Ampex Model YR 7000 $3150

Video Tape Recorder, Bell & Howell Model 2920 4200

Camera, General Precision Laboratory, 700 1800

Zoom Lens, Canon 25-100 m, f1.8, Model TV-16 425

Zoom Lens, Angenieux, 15-15 m, f 2.8 725

Pizar Lens, Kern-Paillard 25 m, fl.5 (used) 70

Monitor, Miratel Model LV8M, 5" x 7" Screen

Conrac 23" Monitor, Model No. CVA 23 400

Tripod, Sampson, Model 7301 75

Tripod, Dolly, Sampson, Model 601 40

Lights and Accessories

Vari-Beam 1000 Fixtures with Lamps, Model LQV-10 77

Multi-Broad, Vaiiable Focus with Lamps, Model LQBI-1..0F 72

Light Stands on Coasters, Model SSBLHA 28

Spun Glass Mtg. Ring 4

4 Leaf Barn Doors 17

Pole Kings & Accessories 15

Gaffer Grips 8

Carrying Cases 36

Video Tape for Ampex Recorder 100 42

Video Tape for Bell & Howell Recorder 36
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